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FAST I. 

GEOLOGY OF OTAGO, , 

BY 

P. W. HUTTON, P.G.8. 



Otago Museum, Dunedin, 14tli June, 1875. 

SiE,— I liave the honor to forward herewith my report on the 
Geology of Otago, with map and sections. I have to tender my thanks 
to W. M. Hodgkins, Esq., for the two spirited sketches of Milford 
Sound and Mount Aspiring ; and also to J. M'Kerrow, Esq., for the 
valuable table of altitudes attached to the report. 

I have the honor to be, 

Your obedient servant, 

R W. HUTTOI^, 

' • Provincial Geologist. 
His Honor 

J. Macandrewy Esq., 

Superintendent. 
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INTRODUCTION. 

It is necessary that I should preface my report with a few remarks 
that will help the reader to judge how much reliance can be placed 
on the accuracy of the map accompanying it, and on the conclusions 
that I have arrived at. * 

In the months of January and February, 1872, I examined, 
under instructions from Dr. Hector, Director of the Geological 
Survey of New Zealand, the Southland district. In October, 1873, 
I was appointed Provincial Geologist in Otago, and during the 
ensuing summer, I rode over the north-western part of the Province, 
from the Waitaki to the Clutha, and in March, 1874, I visited the 
north part of Stewart Island and several of the sounds on the west 
coast in the Government steamer " Luna." In the summer of 
1874-5 I examined, principally on horseback, the remaining part of 
the Province from the Clutha to the Waiau, thus completing my 
survey. 

The map, on a scale of eight miles to an inch, provided ine by 
the Provincial Survey Department, was well adapted for making a 
reconnaissance survey, as it was very accurate and on a sufficiently 
large scale for my purpose. But before any detailed geological 
survey can be made of the Province, it will be necessary to prepare 
a topographical map, on a scale of not less than one inch to a mile^ 
showing all the physical features of the ground ; for it is simply a 
waste of time and money attempting to put geological details on to 
a map that does not shew the true position and shape of every hilL 

It cannot be supposed that in such a rapid survey as I have 
made of the Province, I could, single-handed, have filled iu quite 
accurately all the boundaries of the different formations, but I feel 
tolerably confident in the general accuracy of the work, and hope 
that it will be found a safe foundation for future detailed surveys 
by the geological survey of New Zealand. 
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The map accompaDying this report has been reduced to one- 
third of that furnished nje by the survey office, as a larger one 
would be unnecessary and inconvenient for use when bound up with 
the report. I hold myself responsible for the whole of it except the 
valley of the HoUyford, and the northern boundary between the 
granite and the gneiss in the upper parts of Preservation and Chalky 
Inlets, lliese places I have not visited, but have filled in my map 
from the remarks on the rocks made by Dr. Hector in his report on 
his geological expedition to the west coast of Otago in 1863. 

Th# sections are of course sketch sect'ons, and only givo 
roughly the relative altitude of the mountains. They are merely 
intended to be explanatory of the text, and make no pretence of 
having been drawn to scale. 

In the arrangement of the report I have tried to bring out 
clearly the general geology of the Province, and in order to do 
this I have described the formations in stratigraphical order, and 
not by districts. This plan has the disadvantage of not enabling 
local geologists to find out the structure of their district so 
easily as if all that is known about it were brought together, but 
I hope that the copious index to localities will to some extent 
lessen this objection. On the other hand it has the advantage 
of obviating the necessity of constant repetitions, which are 
necessary when describing the same formation over again in each 
district. 

In the section devoted to previous observers I have included 
all the various classifications that have been proposed for the 
rocks of New Zealand, for they have an intimate bearing on the 
geology of Otago, and a knowledge of them will give the reader 
a better idea of the diflferences of opinion that still have to be 
reconciled than he would have had if my remarks had been exclu- 
sively confined to this Province. 

I have quoted rather largely from Dr. Hector's reports on 
the geology of the ManuherikiaPlains, and his narrative of geo- 
logical exploration of the Vest Coast, for as they are printed 
only in the Provincial Government Gazette, they will not be 
accessible to most of my readers, while as he is the only other 
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geologist who has travelled over Otago, it is necessary that I 
should state his views as clearly as possible. 

Many will no doubt think, if they do not say, that in the sec- 
tion on Physiography it would have been wiser for me to have kept 
back some of the ideas there put forth until I was in possession of 
many more facts to test them by, and I am quite willing to allow 
that it would have been so. But I have thought that the publica- 
tion of these views, however crude they may be, would tend to 
stimulate enquiry throughout the Province, and would enable many 
observers, who have not the technical knowledge necessary to work 
out points in structural geology, to take part in the discussion of 
questions which are extremely interesting and important, and by no 
means easy of solution. 

During the last eighteen months a considerable number of 
Otago fossils have been presented to the Museum, and among them 
are several undescribed species. I have, however, thought it better 
not to describe these species at present, for Dr. Hector has taken to 
England with him large collections of fossils from all parts of New 
ZealaiAl, to be described there, and it is better for us to wait until 
this is done. 
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SECTIOX I. 

Physical Geogbaphy. 

Tke Province of Otago comprehends all that part of New Zea- 
land south of the river Waitaki and a line from Lake Ohau through 
Mount Aspiring to iJig Bay on the West Coast, and it contains, 
with Stewart Island, an area of about 20,876 square miles. It is 
essentially a mountainous country, the only very extensive flat land 
being the Southland plains, between the Hokanui and Moonlight 
ranges and the sea. Besides these, however, there are many saialler 
areas of flat or undulating: country, and in the interior the Manio- 
toto Plains, the Idaburn Valley, and Manuherika Plains are of con 
siderable extent. 

The highest land in the Province is situated in the north-west 
corner from Mt. Aspiring (9940ft), through Mt. Edward (8459ft), 
Mt. Tyndall (8116), Alt. Ansted (8157ft), Centaur Peak (8284ft), 
Cosmos Peak (8000ft), and Mt. Earnslaw (9165ft), to Mt. Chris- 
tina (8475). Southward and eastward of this the mountains lower 
until they assume, towards the sea, with few exceptions, the form ot 
rolling downs, averaging about 1500 feet above the sea level. Along 
the west coast, however, the mountains never lose their rugged 
character, and maintain an altitude in the highest peaks of between 
4000 and 5000 feet as far as the south-west corner of the Pro^'incc 

Sounds. 

Along the western seaboard these mountains arc penetrated by 
long winding sounds, or fiords, which are of great depth, but uni- 
versally become shallower at their entrance into the sea. |^ Not 
much is known yet as to the actual depth of these sounds, most of 
the sounding.'j recorded giving no bottom at depths of from 150 ta 
900 feet. The deepeit soundings on the chart are 1728 feet in 
Breaksea Sound off First Cove ; 1500 feet in Thompson Sound, off 
Deas Cove; and 1284 feet in Milford Sound, off the Stirling 
waterfall. Bligh Sound seems to be the shallowest, the greatest 
depth being 468 feet, unless it be Preseivation Inlet, where t|ie 
greatest depth recorded is no botton\^t 336 feet. 

The entrances to most of the sdhnds vary in depth between 
150 and 280 feet, the exceptions being Preservation Inlet with a 
depth of only 14 to 84 feet, Milford Sound with a depth of 360ft, 
Doubtful Sound with a depth of 372ft, and Thompson Sound with 
a depth of 456 ft. But of these. Doubtful Sound, although 372ft 
deep at the entrance, shallows to 150ft on either side of Banza 



€ Geohgf of Otago. 

Island, so that, with the exception of Preservation, Thompson, and 
Milford, all the sounds have at their entrance an average depth of 
215ft, with a limit of variation more or less of 65 feet. 

The mountains that surround Preservation and Chalky Inlets 
are rounded in outline, and comparatively low, the sides being . 
covered with bush down to the water's edge ; but from Dusky 
northwards, high, almost perpendicular, cliffs are often seen, untU 
in Milford Sound the land rises abruptly from the water in preci- 
pieces 1500ft high (see frontispiece). These steep cliffs are, how- 
ever, confined to the interior of the sounds, for the sea coast is 
nowhere high, but falls with a comparatively gentle slope nearly to 
the sea level See fig. 21. 

Lakes. 

On the inland side of the west coast range the place of these 
sounds is taken by the arms of the Lakes Te Anau, Manipori| 
Monowai, and Howloko ; and so far do these fresh water arms on 
the east and salt water sounds on the west penetrate into the heart 
of the mountains that in several places they approach to within nine 
or ten miles of each other. 

To the north-east lies Lake Wakatipu, and further on in the 
same direction Lakes Wanaka and Hawea. These lakes present 
scenery unsurpassed probably in the world, for, unlike the Swiss 
lakes, they do not lie outside the principal mountain masses, bu^ 
wind themselves close round their feet. Wanaka, which is perhaps 
the most beautiful lake in the worlii, and Wakatipu show gloiioos 
views of snowy mountains, to which Lucerne and Brienz cannot 
aspire. The great length of Te Anau in a straight line (38 miles) 
with the shoulders of the mountains, coming down one behind the 
other, gives a view totally unlike anything in Switzerland ; while 
Manipori is dark and stem, but relieved by the green islands 
dotted^over its surface. 

riot much is yet known of the physical geography of these 
lakes, but what is known will be found in Mr. McKerrow's paper 
in the third volume of the ' Transactions of the New Zealand 
Institute.' Lake Wakatipu is the only one that has been sounded, 
and its great;est depth is said to be 1400ft, which is about 400ft 
below the level of the sea. This feature, however, is by no means 
peculiar to the lakes of Otago. All the large lakes of North 
America, except Lake Erie, and several of those in Italy, descend 
below the sea, while Loch LdBond, in Scotland, is 600ft deep, and 
only 20ft above the sea level 

The water in the southern half of Lake Wakatipu is as blue as 
the Ehone at Geneva, but near the head it turns a pale, milky 
colour, owing to the fine mud brought by the Dart and Rees from 
the glaciers of Mount Eamslaw and Cosmos Peak. In many 
places terraces, fringe the lake, which prove that the water once 
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stood higher ; but around the greater part these are absent. These 
terraces are generally found at the embouchures of the large streams, 
and owing to the steepness of the sides of the lake, no deposit is now 
forming at other places ; so that these gravel beds are not con- 
tinuous, and do not extend across the lake, although they are at the 
same level on both sides. Ultimately, however, as the lake fills up, 
they will be all connected. 

The arms of Lake Te Anau and Manipori exactly resemble the 
sounds on the West Coast, and although the other lakes do not 
show the same abruptness of outline, still the valleys of the streams 
in the neighborhood have many analogies with the sounds. For 
instance, the Shotover River has no falls nor rapids in its course, 
but has cut a narrow gorg:e in the solid rock to a depth of about 
200ft (^See fig. 16.) All the larger lateral streams have also cut 
down their channels to the same level, but some of the smaller onea 
enter the gorge by falls, just like Milford Sound. Again the 
gorges up the Routeburn are perpendicular and rough, exactly like 
those of the West Coast sounds in miniature. But away from the 
western mountains the scenery is quite different, and high, perpen- 
dicular precipices g^ve way to gentler slopes and more rounded out- 
lines. 

Rivers, 

All the rivers and nearly all the creeks in Otago are rapid 
streams, running over shingly or rocky beds. Like all mountaia 
livers they are liable to considerable fluctuation in level, a subject 
which in the case of the Taieri has been ably treated by Mr. J. T. 
Thomson, C.K* and Mr. G. M. Barr, C.E.t Mr. Thomson also, 
in another paper,j: has a very important discussion on the curves 
formed by the beds of the rivers Manuherikia, Waitaki, Shag, 
Taieri, Clutha, Cardrona, and Mataura, all of which he shows coo^ 
form practically to the curve of the ellipse. This result is contrary 
to the general belief of geographers, who consider that the parabola 
is the curve which a river tends to assume from its source to ita 
mouth. Mr. Thomson, however, considers that rivers tend to assume 
the curve of the ellipse only when they are hollowing out their beds, 
and that when they are raising tl^em they tend to assume the curve 
of the parabola,§ but he offers do explanation of the cause of this 
difference. The Mataura is the only river in New Zealand with 
falls near its mouth. 

Plains, 

The Southland Plains have already been mentioned. They 
have a length of nearly forty miles with a breadth of about twenty- 

^Appeudix to the Votes and Proceedings of the Provincial Council of 

Otago, 1870. 

fTrans. N.Z. Institute, v. p. 111. 

];Trans. N.Z. Institute, vi.> p. 313. 

i§l.c.,p. 331. 
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six miles. A remarkable circumstance connected with these plains 
is that they are continued up the valleys of the Mntaura, Oreti, and 
Jacob Rivers, and wrap completely round the hills that properly 
bound them inland, so that we might consider the Southland Plains 
.18 extending up to the Five River Plain, Long Ridge, and the 
Pyramid, out of which the Moonlight Range and Hokonui Hills 
^tand like islands. 

With the exception of the "Waitaki plains anrl Inch Clutha, at 
the mouth of that river, all the other plains in Otago lie inland. 
The principal are the Maniototo plains, 28 miles long, and with an 
average breadth of about 10 miles ; Idaburn Valley, with a length 
of 25 and a breadth of -i miles ; Manuherikia plains, with a length 
and breadth of about 35 and 4 miles respectively ; and the Upper 
'^lutha plains, with .i Itiigth of 33 niiles and an average breadth of 
about 5 or G miles. Plains of smaller extent are found in many 
other places, as at Strath Taieri, Lower Taieri, Tokomairiro, Tajjanui, 
IkJoa Flat, «tc. A considerable extent of land, some 70 miles in 
length by 20 in width, stretching from the Shag river between the 
Rock and Pillar and Silver Peak hills, through AVaipori and Lawrence 
to the Clutha, may be considered as an elevated plain or plateau, 
some 1500 feet above the sea, and deeply cut through by the streams 
that cross it. 

3Ionniains. 

'J'liu (lif^tribnlion of the moinitain ranges in the Province is very 
ij-re^iilar and ccii'plicHtcr] : Ijut to aj?sist the memory of those who- 
are not 2)er>()nally acquainted with the country, I may compare them 
loi^ghly to the fingers of the right hand widely spread out, but with 
the firi?t and second fingers approximated, and with the palm resting 
in the south-west part of the Province of Canterbury. In this case 
the thumb will represent the Hawkdun and Kakanui mountains, 
running north-west and south-east, which form the southern boundary 
of the valley of the Waitaki. Th^ first finger will represent the 
Dunstan and Lammerlaw Ranges, numing more or less north and 
south, which form the eastern watershed of the Clutha. The space 
between this finger and the thumb contains the large inland plains 
and the winding valley of the Taieri, and it is crossed in a south- 
west and north-east direction by four ranges, which lie at right 
angles to the general run of the mountains. These are Raggedy 
Range, Rough Ridge, Rock and Pillar Range, and the Silver Peak 
hills. The second or middle finger will represent all that rugged 
tract of country between Lakes Wanaka and Wakatipu, called the 
Harris and Richardson mountains, continued southwards in the 
Remarkables, Garvie mountains. Obelisk Range, and Umbrella 
mountains, and running through the Kaihiku mountains to the sea 
at Nugget Point. It is bounded by the Clutha on the east and the 
Jdataura on the west. The third or ring finger will represent the 



Physical Geography, 9 

Humboldt mountains, the Thomson and Livingstone mountains, the 
Takitimus, and the Longwood range, having a j^eneral N.N.E. and 
S.S.W. direction, and lying between Lake Wakatipu and the Oreti 
river on the east, and the Hollyford river. Lake Te Anau, and the 
Waiau on the west. Between this finger and the middle finger lie 
the Southland plains, bounded on the north by the Hokanui and 
Moonlight ranges, which run in a north-west and south-east direc- 
tion, or nearly at right angles to the general trend of the mountains. 
And last, the little finger will represent the west coast range running 
in a north-east and south-west direction. 

Coast Line, 

The eastern sea board of the Province is formed generally bj* 
low hills and sandy beaches, interrupted by bold headlands where 
the harder rocks run out to sea. On the south, low clift*?5 run from 
the Nuggets to Preservation Inlet, except between the Mataura and 
Jacob rivers, where the Southland plains form the coast line. As 
might be expected the sea deepens more rapidly on tlie west coast 
than on the east, but contrary to expectation the south coast is 
shallower than either. The 100 fathom line keeps at an average 
distance of '2b miles from the east coast as far as the Xuggets, when 
it sweeps away south and includes Stewart Island and the Snares. 
Along the west coast little is known, but the dt'pth seems variable. 
Foveaux Strait is nowhere more than 25 fathoms iu depth, and an 
elevation of 130 feet would join Stewart Island on to the main land 

Comparison between the New Zealand and Swiss Alps, 

No one, I think, who after visiting the Alps of Switzerland 
should explore the Alps of New Zealand, could fail to notice two 
remarkable points of difference between these mountain reginns. 
The one is that mountains with sharp serrated sunmiits, which are 
the exception in Switzerland, are the rule in New Zealand, and 
the other is that the numerous large waterfalls, which the traveller 
in Switzerland sees at almost every turn, are quite exceptional in 
New Zealand. A few waterfalls, but they are very few in com- 
parison with Switzerland, are found in the deep fiords on the west 
coast, and a few smaller ones towards <he heads of the valleys in the 
heart of the mountains, and these are nearly all. And yet the 
mountains in New Zealand are quite as rough and rugged as the 
Alps of Europe, and, indeed, the gorges are more numerous and 
deeper. There are also other minor points of difference. The passes 
in New Zealand are lower, and the mountains are in places much 
more covered with loose debris than any part of the Swiss Alps. 
But this last is a local peculiarity, and is not so noticeable in Otago 
as in Canterbury and Nelson. 

Two theories may be put forward to explain these differences. 
One is that the New Zealand Alps are composed of rocks whicl^ 
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suffer from decay and degradation much more than the rocks that 
compose the Alps of Switzerland. The other is that the mountains 
of New Zealand are of far greater antiquity than the Swiss Alps, 
and have in consequence suffered a far greater amount of denuda- 
tion. To any traveller in New Zealand who bad limited his ex- 
plorations to the Province of Otago, east of the great lakes, the first 
is the theory that would most naturally present itself to his mind, 
for all the mountains that he would have examined would have 
been composed of mica schist. But in the west of this Province 
the mountains are composed of hard gneiss, crossed by dykes of 
eruptive rocks ; and further north, in the provinces of Canterbury, 
Nelson and Marlborough, the mountains are chiefly formed of sand- 
stones and slates, as hard on the average as the rocks composing the 
Alps of Switzerland, and yet the phenomena that I have mentioned 
are quite as noticeable in those provinces as they are in Otago. 
On the other hand we have proofs in the geological structure of our 
mountains, as I shall presently show, that the New Zealand Alps 
have been constantly exposed to the action of rain and wind ever 
since the Jurassic period, and that many of the larger valleys had 
been cut down nearly to their present depth in the eocene period, a 
time when the European Alps and the Himalayas were only just 
rising above the sea. Probably, therefore, the second theory is the 
more correct, but the first may reasonably be called in to explain 
local details. 

Peculiarities in the Physical Geography of Otago, 

Another remarkable fact in the sub-alpine part of Otago, or 
that portion which lies eastward of the great lakes, is that most of 
the larger rivers do not run in what we must consider as their 
natural channels, but constantly cross abruptly from one valley into 
another. For example, the Chitha, after arriving at Cromwell, 
ought to have continued straight on and joined the Frazer ii)stead 
of cutting through the Dunscan Range. Lake Wakatipu should 
have emptied itself at Kingston into the Mataura, which, in its turn, 
instead of breaking through the gorge at Athol, should have con- 
tinued by the Dome pass to the Five-river Plains, and there have 
joined the OretL The Upper Taieri and the Idabum should have 
joined the Manuhirikia at Blackstone Hill. The Lower Taieri and 
the Tokomairiro should empty themselves into the Clutha near 
Kaitangata ; while the PomsJiaka should have joined the Mataura 
instead of the Clutha. 

While also the larger rivers run almost always in^uarrow gorge- 
like vaUeys, many of the large valleys have but very insignificent 
streams flowing in them. Such, for example, are the Idabum 
valley, the Manuherikia valley, the Tokomairiro plains, and the 
Waimea plains, which last are but a portion of the valley running 
from the Upper Oreti to Port Molyneux. The Taieri plains also 
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do not properly belong to that river at all, for they run up ftie 
valley of the Silverstream, while the Taieri breaks suddeuly in upon 
them by a lateral gorge. These plains are really the valley of the 
Silverstream; which the Taieri has usurped. 

It is these anomalies that physiography, or surface geology, 
undertakes to explain ; and ^the explanation when obtained is not 
only curious and interesting, but it is highly important from a 
practical point of view ; for it informs us of the successive oscilla- 
tions in level that the land underwent while the surface features 
were being formed ; and on these various oscillations of level the 
mode of deposition of the different river alluvia depends. But as 
some of these alluvia contain gold, it is evident that anything that 
throws light on their mode of deposition is of great importance to 
the alluvial gold miner. 

Before, however, trpng to explain the surface geology of the 
Province, it will be necessary to describe its geological structure, 
for unless this is first clearly understood, great and important errors 
are sure to get into our theories of the surface geology of the 
<;ountry. 
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SECTION II. 
Peevious Obsebvers. 

The first notice of the geology of any part of Otago was by 
the Hon. W. Mantell, who, in 1848, travelled from Kaiapoi, in 
Canterbury, to Dimedin, and the observations he then made were 
published in the Quarterly Journal of the Geological Society of Lon- 
don for 1850. The most important scientific result of this journey 
was the valuable collection of Moa bones made at Awamoa,* and 
froiii the swamp, at Waikouaiti, where Mr. Percy Earl had obtained 
his collection some three or four years previ«)usly. But many inter- 
esting notes on the geology' will also be found in this paper. Mr. 
Mantell mentions the schists at Awamoko, which is the first record 
or this class of rocks in New Zealand, as alsD the limestones of the 
Kakanui river and Ototara, and the volcanic ash at Kakanui mouth. 
He also notices the blue clay of Moeraki, or Onekakara, as well as 
the septaria found in it, and he described the cone in cone structure 
which surrounds many of them. He also points out the difference 
between the Moeraki septaria and the ferruginous concretions of 
Kartiki, and mentions the occurrence of coal at Shng (Matakea) 
Point. The fossils he sent to England were examined by Dr. 
Mantell, Professor Morris, and Professor Rupert Jones, who referred 
the Ototara limestone, with doubt, to either the eocene or the cre- 
taceous periods, while the Onekakara clay they considered to be 
pleistocene. 

The next publication was a short paper in the Quarterly Journal 
of the Geological Society for 1855, by Dr. C. Forbes, of H.M.S. 
^^ Acheron," which shipJiad been engaged in surveying the West 
Coast sounds and Stewart Island. Dr. Forbes mentions that the 
mountains in the centre of the Province are composed of crystalline 
and metamorphic rocks, but that the former appear on the coast 
only in the extreme south and south-west. These rocks on the 
West Coast are described as ^'granitic rocks of various kinds — 
gneiss, mica-slate, hornblende rock, &c." The Bluff Hill, Stewart 
Island, and Piuapuke, are described as almost entirely composed of 
" blue-colored granitic rock containing hornblende in thet place of 
mica." Dr. Forbes also mentions the " flesh-coloured granite " at 
Preservation Inlet, and was the first to describe the coal that 
occurs there and on Coal Island. 

In 1859, Professor Huxley described t some bones of a whale, 

* So named by Mr. Mantell. 
t Qimrterly Journal of the Geological Society, 1859, p. 670. 
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and of a gigantic species of penguin, found by Mr. Mantell in the 
Ototara limestone, at Oamaru. 

"^r^I'i January, 1862, Dr. W. Lauder Lindsay delivered a lecture 
in Dunedin, on ** The place and power of Natural History in colo- 
nisation,'' in which he mentions the volcanic rocks of Dunedin, 
Saddle Hill, &e. He was the first to mention the evidence of 
former " glacier or ice action " in New Zealand, but he mistook 
decomposed lava streams near Dunedin for boulder clays. He con- 
sidered the sandstones of Green Island and Caversham to be either 
tertiary or upper cretaceous. He was also the first to point out 
that the gold of Otago -vas derived from the' mica-schists, which 
he compared to the rocks of the Grampians, in Scotland, and con- 
sidered them to be of lower silurian age. He also noticed that 
the rocks between Tokomairiro and the Clutha, were different from 
the schists. He divided the auriferous drifts into two series, the 
older of which included the lignite beds, and he stated his con- 
viction that " gold mining is destined to become one of the regular, 
permanent, industrial resources of Otago." 

He was also the first to describe the true nature of the Otago 
lignites or brown coals, and mentions the coal fields of Saddle Hill, 
Green Island, Tokomairiro, and Clutha, and the lignite deposits of 
Waitahuna and Weatherstone's Flat. 

In October, of the same year, he read a paper " on the geology 
of the gold fields of Otago " to the British Association, which how- 
ever appears to have been a resume of his lecture. 

Meanwhile, the Provincial Government determined, in 1861, 
upon having a geological survey made of the Province, and Dr. 
Hector arrived in Dunedin as Provincial Geologist, in April 1862, 
and he engaged as assistant geologists, Mr. Williams and Mr. 
Davis, and subsequently Mr. Hacket 

The first report, by Dr. Hector, was on the geology of the 
Manuherikia Valley, and was published in the Provincial Govern- 
ment Gazette, of September 3rd, 1862. In this report, he describes 
the schists of the interior, and coiifirms Ur. Lauder Lindsay's 
opinion that they are the rocks from which the gold has been 
derived. He also points out the main anticlinal curve running in 
a N.W. by W. direction, and describes the interior basins, the con- 
tents of which he arranges under the heads of older and newer 
tertiaries. 

" The older tertiaries," he says, " are the deposits which grad- 
ually filled up the depression as it passed through the successive 
stages of submergence, from an estuary-like arm of the sea to a 
deeply excavated submarine valley. They invariably consist at the 
base, where they rest on the schist, of strata which indicate the 
neighbourhood of dry land at the period of their formation, support- 
ing a vigorous vegetation which has been preserved to us as brown 
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coal, associated with finely assorted beds of clay and gravel, indi- 
cative of current action in shallow water. Elsewhere, in the Province, 
marine shells have been discovered alo ng with these beds. Over 
this group have been deposited strata of sand and conglomerate, 
formed of materials derived from the schistoze rocks. . . . The 
period of the greatest depression of the land, which corresponds 
with the close of what I term the older tertiary epoch, was marked 
in some districts of the ProviDce by volcanic eruptions, during 
which basaltic lava was poured forth from rents in the earth's crust, 
and flowed over what were then the lowest levels of the sea bottom, 
but which have now, owing to the preserving influence of the hard 
tough basalt, become elevated to lofty positions. 

** It was with the first display of volcanic activity, that the 
elevation of the land commenced, and although, as is always the 
case, this elevatory movement was accompanied by degradation of 
pre-existing strata, rather than by the formation of new deposits ; 
yet under favourable circumstances, this very degradation gives rise 
to local deposits, which are those that I shall provisionally term the 
newer tertiaries. 

*' During this period the rock-bound basin, afterwards to be 
drained by the Taieri and Molyneux rivers, became converted into 
a system of lakes, connected by streams, which slowly excavated 
terraces, and deposited ip a more perfectly assorted form the 
materials which compose the plateau. ... As tho main exit 
channels of the basin were deepened, the lakes were in time drained, 
and the materials again assorted by the erosion of the streams.*' 

Dr. Hector's next report was the narrative of his " geological 
expedition to the west coast of Otago," in the schooner ** Matilda 
Hayes," which was published in the Provincial Government Gazette 
of the 5th November, 1863. This report, although chiefly confined 
to a narrative of the expedition, contains many interesting and 
valuable notes on the geology oi the district. He describes the 
geology of Bluff Hill, but calls the rocks "dark-grey felstone," 
"syeuitic and felspathic gneiss," and fine grained-granite." He 
describes the basalt and limestone, at the base of the Longwood 
range, and the limestone of the Waiau, and he identifies them with 
those of Oamaru and Caversham. He also makes several remarks 
on the rocks of the Takitimu mountains, and Mt. Hamilton, incor- 
rectly however, identifying the conglomerates of the latter with 
those of the Horse range, and the rocks of Howell's point with 
those of the Nuggets. JXotes will also be found on the rocks of 
Port William and Paterson's Inlet in Stewart Island, and of the 
following sounds on the west coast, which, owing to unfavourable 
weather, were the only ones that he was able to visit. Preservation 
Coal Island : Chalky inlet, including Edwardson and Cunaris 
Sounds ; 1 honipson Sound, Secretary Island, and Crooked Arm ; 
Idilford iSound, and Anita Bay and Martin's Bay. 
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In the report there are also many suggestive notes, bearing on 
the surface geology of the country, most of which I shall subse- 
quently quote, and in it Dr. Hector is the first to give good evidence 
of the former great extension of the glaciers in Ou^go. 

In 1864, Dr. Hector, in his departmental report, gave a large 
amount of information about the coal fields of Otago. All of this, 
however, will be found reproduce.! in a more convenient form in 
one or more of his subsequent reports. In this year also, Dr. 
Hector produced a manuscript geological map of Otago and South- 
land, which was the first geological map ever attempted of the 
Province. The orig^inal map is in the Otago Museum, and a copy 
exists in the Colonial Museum at Wellingtoa, but as it was never 
published, it will be only necessary for me to remark that it differs 
materially from the map that accompanies this report.* 

The same year saw also the publication of Prof, von Hochstet- 
ter's Geology of New Zealandt, which, although not containing any 
Bew information on the geology of Otago, is important to us as 
containinti^ the first systematic attempt at drawing up a table of the 
Kew Zealand formations, based on an examination of the fossils. 
This is as under : — 

Post tertiary and recent formations. 
Younger tertiary strata. J 

Hawke's Ba}' Series — Wanganui beds, &c. 
Awatere — VVaitdki, MoerakL 
Older tertiary strata. § 
VV'aitemata beds. 

Raglan and Aotea limestones, &c. 
Coals of Drury, Waikato, and Motupipi. 
Lower Cretaceous Group. 

Waikato, South Head, and Kawhia. 
Coal Fields of the West Coast of Nelson. 
Jurassic group. 
Waipara beds. 
Amuri beds. 
Sbaws Bay series. 

* In his lectures on mining in New Zealand (Trans. N. Z. Inst., ii. p. 
373,) Dr. Hector refers to a map in the Otago Museum, which gives full 
details of the pleistocene geology of the district between Lake Wakatipu 
and the West Coast. This map I have never seen, and it is not now in 
the Otago Museum. The only map of this distiigb in the Museum is a 
physical one, partly by Dr. Hector, and partly by Mj*. J. M*Kerrow,' wliicli 
shews the bush and open country, but without giving any geological 
details, or the positions of moraines, &c. This is thtf map to which Mr. 
M'Kerrow refers in his paper on the physical geography,of the Lake 
Districts of Otago, (Trans. N. Z. Inst., iii., p. 256), and which Dr. Hector, 
in a footnote on the same page, states to be entirely by himself, and to be 
partly reproduced in the map that accompanies his lectures on mining. 
ffieise der Novara Geologischer Theil, i. Band, i. Abtheilung, Wien 1^64. 

JrOligocene or Upper Eocene. § Pliocene. 
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Triaaaic group. 
Maitai series. 
Hichmond sandstone. 
Palaeozoic formations. 

Slate ranges of the North Island and Southern Alps. 
Metamorphic strata. 

Schists of Otrtgo and West Coast of the South Island. 
In 1865, Dr. Hector published in the Quarterly Journal of 
the Geological Society of London (p. 124, &e.), a short paper 
on the geology of Otago, in which are embodied the results of 
his two year survey of the Province. This valuable paper is up 
to the present time the only attempt at a sketch of the geology 
of Otago as a whole that has appeared. In it he gives am 
ideal section from the west to the east coast, and divides the 
rocks as follows : — 
I. Recent. 

1. Alluvial. Eiver-silts, shingles, and deltas, 

2. Lacustrine. Exposed by the gradual drainage of 

lakes. 

3. Estuarine or Littoral. Exposed by emergence of 

coast-line. 
IL Pleistocena (Newer gold-drifts.) 

1. Lacustrine. In basins in the interior. 

2. Glacial. Moraine-deposits and loess. 
m. Pliocene. (Great gold-drift.) 

1. Sand, &c., in basins in the interior (with lignite), 

2. Coastward deposits. 

a. Volcanic and tufaceous deposits. 
h. Sands and clays. 
IV, Miocene. 

1. Oamaru or calcareo-arenaceous series. 

2. Moeraki or argillaceous series (with brown coal), 

3. Waitaki. Arenaceous. 

V. Carbonaceous series. Estuarine strata, with con- 
glomerates, sandstones, shales, and brown coal of 
fine quality. 
VI. Te Anau series. Poiphyritic conglomerate, wacke, clay- 
stones, glossy slates and diabase, and porcellanite 
VII. Kaihiku series. Quartz, clay-shales, sandstone, diorite- 

slate, black cross-cleaved slate, siliceous and true 
clay-slate. 
Vlll. Foliated scaiists. 

1. Grey argillaceous. Kakanui series. 

2. Blue clay-slate. Micaceous or chloritio 

3. Contorted felspathic schist. 

All these are more or less impregnaftd with inSI. 
tratod quartz, and are auriferous. 
XI. Gneiss-granite. Quartzose with garnets, or felspathic. 
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The To Anau aeries he considers to be lower mesozoic, and 
the Kaihiku series to be metamorphic rocks " of not very ancient 
date." The carboiuiceous series, he says, is either of tertiary or 
of upper mesozoic ai^o. This is what he afterwards (1868) called 
the cretaceo-tertiary formation. The great difference between 
these two classifications is that Dr. Hector makes a great break 
in the sequence betweou the lower mesozoic and upper mesozoic or 
tertiarv rocks, while Prof, von Hochstetteracknowledsjes no such 
break. The other errors in Dr. Hector's classiticatiou are that 
(I) the Moeraki series are placed below the Oamaru series, al- 
though Mr Mantell had previously assigned them their true 
position ; (2) The ** carbonaceous series " is made to include not 
only the cretaceous rocks of Shag Poj^nt, but also the Jurassic 
rocks of the Mataura and Waikawa, which in reality fill up the 
break in. his classification. C-^) The Te Anau series are placed 
above inst ad of below the Ka-ihiku series ; and (4) the granite 
of the West Coast is inclu led with the gneiss in a " gneiss- 
granite " formation. 

In the same year, Dr. AV. L. Lindsay read a paper on the 
tertiary coals of New Zealand to ttie Royal Society of Edinburgh. 
In 180G appeared the Jurors' Reports and Awards of the New 
Zealand Exhibition held in Dunedin in 1805. This contains a 
list of minerals found in Otacco, and a valuable report (Appendix 
A) by Dr. Hector and Mr W. Skey, analytical chemist to the 
Geological Survey of Otago, on the coals, building stone, antl 
minerals of New Zjaland, of which I have made great use in 
the section on Economic Geology in this report. 

In the same year Dr. Hector, who had been appointed Director 
of the Geological Survey of New Zealand, and had removed to Wel- 
lington, published a report on the coal deposits of New Zealand, 
Avhich, however, does not treat of the geological position or age of 
the coal deposits. 

In 18G8, a papei was read to the Philosophic d Society of 
Wellington, by Mr. J. Buchan ni. Draughtsman to the Geological 
Survey of Xew Zealand, "on the geology of the country between 
the Lower Clutha and Mataura Rivers.-' Hnt this paper a^ipears 
never to have been published : at any rate I have never seen it. 

In the Colonial ^luseum Report for the same year. Dr. Hector 
makes some remark.? on the coals from the Hokanui Hill and Mor- 
ley Creek, in Southland, but he iiere again falls into the error of 
considering the coal of Otapiri and VVaikaw i as belonging to the 
Si^me formation as the coals of the West Coast, and he confouiidi^i 
the eocene coal of Morely Creek with the 30 foot seam of lignite of 
pleistocene age on the Mataura. 

In 1869Jbr. Hector read a paper to the Wellington Philo- 
so{Hncal Soci^ " on the geology of the outlying Islands of New 
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Zealand," * in whidi he remarks on the rocks obtained by Mr. 
Pearson, from Stewart Island, that they consist of '* granite, gneiss, 
mica slate, felstone slate, and other crystalline metamorphic rocks, 
associated with granite-porphyry, diorite, and syenite" \lhid, p. 
185]. In the same volume [1. c. p. 361] Dr. Hector also published, 
under the title, **on mining in New Zealand," an abstract of 
four lectures delivered by him in July and Au<rnst, 186^, at the 
Colonial Museum. In this interesting paper he gives a summary 
of the {icology of New Zealand, dividing the rocks into two large 
divisions, one including the palaiozoic and lower mesozoic eras, 
which he considers " represents groups from the upper silurian to 
tbe triasfic periods" \ and the other including the upper mesozoic 
and tertiary eras/' which, /lom " the occurrence,*' he says — " of 
secondary cephalopods and saurian reptiles in the lower groups, 
render it probable that the strata range from Jurassic formations 

» upwards." This break in the sequence is evidently intended to be 
between the " carbonaceous series" and the " Te Anau series " of 
his former classification. He also mentions [p. 364] that his 
*' gneiss-granite formation " of the West Coast extends to fc>tewart 
Island. 

In the same* volume Mr. C Traill bas a paper "on the tertiary 
series of Oamaru vnd Moeraki," in which he correctly contends for 
the uiioceue age of tbe blue clay of ^loeraki (Unekakara) as against 
the pleistocene or pliocene age assigned to it in Mr. Mantell's paper. 
During this year also, L)r. Hector, in his Progress Report of 
the Geological Survey of JS'ew Zealand, 1868-9, notices tbe Mataun* 
district, Southland, Preservation Inlet, Longwood llange, and 
Soutbern gold fields in general. In this report he states that the 
coal bearing formation of the Hokanuis "corresponds in age with 
tbe coal measures of New South Wales," and again, that *'this for- 
mation corresponds in age witb the upper part of the carbonaceous 
series of Australia, and below it in regular sequence tbe Otapiri 
section shows an immense thickness of lower secondary strata.' So 
that be here, in opposition to his lecture on mining delivered the 
same year, takes' the coal formation of the Mataura from his 
" carbonaceous formation," and places it with his lower mesozoic 
strata, upon which it lies in regular sequence. He also includes 
the Merely Creek coal with tbe coal-bearing beds of Shag Pqjnt, and 
those of the Buller and Grey Elver, with those of Kelson, Waikato, 
and Bay of Islands in his ** cretaceo-tertiary " formation, which he 

I f says " in some respects must be considered as intermediate between 

/; the chalk and lower tertiary formations." 

He also, in this report, states that in the Longwcod Range 
there is " a repetition of the leading features of the Coromandel 
Peninsula, where the Thames diggings are situated." ^ ^ 

» Trans. N.Z. Institute, II. p. 176. 
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In this year also Dr. Hector published (although it was not 
issued until 1871) a geological map of New Zealand, with sections, 
in which the rocks are thus divided. 

Pleistocene, 
Upper Tertiary, 
Cretaceo-Tertiary, 

Lower Mesozoic and Upper Palaeozoic 
Lower Palaeozoic, 
Crystalline. 
This is the only Geological Map of New Zealand as yet published. 
In it the geology of Otago is altered in several particulars. The 
Morely Creek coal is placed in the upper tertiary formation instead 
of in the cretaceo-tertiary, and the cretaceo-tertiary formation is 
made to include not only the Shag Point and Preservation Inlet 
series, but also the Otapiri, Mataura, and Waikawa series, which 
he had the same year identified with the coal measures of New 
South Wales. Even the Shaw's Bay series and Kaihiku series 
which up to this time Dr. Hector had regarded as upper palaeozoic 
are now included in the cretaceo-tertiary formation. The general 
geology, however, of the Province, and the position of the lower 
palaeozoic and crystalline rocks, is shewn with tolerable accuracy. 

In 1870, Dr. Hector, in his catalogue of the Colonial Museum, 
Wellington, published another classification of the fossiliferous 
rocks of New Zealand, as follows : — 

Post tertiary. A. — Raised beaches and alluvial deposits. 

( B. — Upper or Struthiolaria beds. 
Tertiary. < C. — Middle or Cucullsea beds. 

( D. — Lower or Ototar-i series. 
E. — Leda marls or Aotea series. 
F. — Chalk or Cobden series. 
G. — Ferruginous Sandstones or Waipara beds. 
Mesozoic. / H. — Green Sandstones or Putataka beds. 

I. — Otapiri series. 
K. — Wairoa series. 
L. — Maitai series. 
M. — Kaihiku series. 
N. — Mt. Arthur series. 
This clasafication, founded on an examination of the fossils in the 
Colonial Museum, is a [great improvement upon his former ones. 
I^lit he includes the Aotea series with the mesozoic instead of the 
tertiary rocks, although its true age had long before been made out 
by Frofesser Hochstetter and Dr. ZitteL llie nomenclature also is 
not well adapted for general application throughout New Zealand, 
as it is chiefly founded on mineralogical or palaeontological con- 
sidirations, noiie of which are specially characteristic. 

During this year three papers were read to the Otago Institute 
•on the geolqgy ol the Province. The first was by L, 0« B^ Efi^.^ 
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**0n the deposition of the alluvial deposits on the Otao^o Gk)ld 
Fields," in wliich he discusses the origin of the terraces in the inland 
phiins, and contends for an almost complete ice cap haying ex- 
tended not long ago over the whole of Otago from the inland lakeft 
to Dunedin. The second was by Mr. P. Thomson, '* On the saud 
hills or dunes in the nei|jfhbourhood of Dunedin ;" and the third 
was by J. McKerrow, Esq., ** On the physical geography of the lake 
districts of Otago," in which he adopts a glacier origin for our in- 
land lakes. 

In 1872 I was sent by Dr. Hector to examine the Southland 
district, and the results I arrived at were published in the Geo- 
logical Survey Report for 1871-2 (p. 89-ir3). These have been 
embodied in the present report. Towards the close of the year I 
also published in the same volume a synopsis of the younger forma- 
tions in New Zcalaand, as follows* : — 

Pleistocene i)eriod. liaised beaches, ifcc. 

Pliocene period. Newer pliocene or Wanganui group. 

^,. . , f Upper mioceue or Awatere croup. 

jMiocene ])eriocl. < t t • ^ ^ 

^ \ Jjower miocene or Kanieri group. 

^,. .. , J Upper oligocene or Hawke Bay group. 

^ ^ * \ Lower oligocene or Waitemata group. 

Eocene period. Up[)er eo<:ene or Ototara group. 

riretaceous period. D.inieu or NVaipara formation. 

Dr. Hector published in the same volume a report on the 
Clutha and Cireen Island Coal Fields, Avhich is founded on his 
departmental report to the Provincial Government of Otago, in 
April, 18G4. 

In the same year Dr. Hector read a paper to the Wellington 
Philosophical Society on the fossil penguin {Palo'eadyptes antarv- 
iicua, Huxley), from the West Coast of Nelson, and from Kakanui, 
in Otago. In this he gives a grouping of the strata to which he 
has *• collectively applied the term cretaceo-tertiary, as no well- 
marked break that is common to all the sections that can be 
inspected h&s been observed in their sequence ; and moreover 
certain fossil forms are found in all the members of the series."f 
In this he now includes as the upper beds, greensands and lime- 
stones, characterised by ttcten hochMctteri, ** which represent the 
Ototara series," and in this view Dr. Haast concurred in 18f3.J It 
is from these bedo that the fossil penguin was obtained, ahd in 
1870 and previously Dr. Hector had always considered them, witli^ 
Prof. Hochstetter, to be tertiary, even miocene. So that between 
18G9 and 1872, the onniivorous cretaceo-tertiary formation is made 
to include sometimes triassic, and sometimes miocene rocks. 

* This T\'a9 alio published, with additioiuil information, in the Quar. 

Jour. Geol. Soc. 
t Trana. N. Z. Institute, t. p., 344. 
J Kepcrls of Geological Explorations during 1872-3, iii.'pp. 13 and 17. 
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. In this year, also, Dr. Haast "v^as sent to report on the Shag 
Point Coal Field, and the results of his examination will be found, 
partly in the Geological Survey Reports for 1871-2, and partly in 
those l&r 1872-3. 

In 1873, I read two papers to the Wellington Philosophical 
Society, one " on the date of the last great glacier period of New 
Zealand," which I referred to the older pliocene period ; and the 
other, " on the formation of Lake Wakatipu." During the same 
year I also published in Wellington, a catalogue of the Tertiary 
MoUusca and Echinodermata in the Colonial Museum, unfortunately 
without figures. In this I corrected my previous classification of 
the tertiary rocks to the following. 
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! 






Newer Pliocene 
Upper Miocene 
Lower Miocene 
Upper Eocene 


W anganui formation 
Pareora formation 
Ahuriri formation 
Oamaru formation 


f Awatere group 
( Kanieri „ 

r Trelissic „ 
( Ototara „ 



In 1874 a paper was read to the Otago Institute by J. T. 
Thomson, Esq., ** On Glacial Action in Otago," in which he con- 
tended that Otago formerly possessed a climate like that of South 
Victoria Land at the present day, and that the whole island was 
then enveloped in a sheet of moving ice, glaciers projecting out 
to sea in all our valleys. In the same year, I published in the 
Geological Magazine a table of the sedimentary rocks of New 
Zealand, which had been drawn up for the use of the geological 
class in the Otago University. This table I need not reproduce, as 
it is, with two exceptions, identical with the classification followed 
in this report. The exceptions are (1) that I now consider the 
]N£atai and Wairoa formations as one ; and (2) that I have given 
Dp. Hector's name of Kakanui series precedence to my name of 
Tuamarina formation, which latter, therefore, now sinks to the 
rank of a synonym. 
^ In this year also Dr. Hector, in his annual report of the 
x^ew Zealand Institute, says that the fossils obtained by Mr A. 
McKay from the Nuggets and Catlin's River ** serve to prove 
the existence in that district of a range of tormations from lower 
Jurassic to upper carboniferous."* And further on he says that 

^ * All these are coloured as cretaceo-tertiary in his geological map of 

New ZeaUuid. 
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** the general results obtained [by a comnarison of tbe coal for- 
mations on botb sides of the South Island] will also require a re- 
vision of the present classification of the lower tertiary strata, 
as the eyidence and re-establishment of a cretaceo-tertiary for- 
mation, haying for its upper member a representatiye of the 
nummulitic limestone." 

It will thus be seen that the classification of the New Zea- 
land rocks is in a yery unsatisfactory state, which, it is hoped, 
this present report may in some degree help to clear up. But 
until the large collection of fossils which fer. Hector has taken 
home with him are described by palsBontologists in England, we 
cannot expect that many of these questions ynll be definitely 
settled. 
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SECTION HI. 

General Geological Structure. 

The West Coast range of mouataias, as far ialand as Lakes 
Te Anau and Manipori, is compose.l of the oldest kaowa rocks in 
New Zealand, which consist chiefly of gneiss and syenetic gneiss. 
At both extremities of the ranga a belt of slates, of the upper palse-j- 
zoic age, wraps round the gneiss, and at Chalky and PreservatioQ 
Inlets both the gneiss and slates have been broken through by a 
mass of eruptive granite, which occupies an extensive area in this 
district. 

The oldest gneiss formation (Manipori formation) appears to 
be separated from the rocks to the eastward by an immense fault 
(see Sec. I.) : but at present this cannot be fully proved. 

Eastward of this supposed fault, that is to say, in the whole of 
the country between the Waiau and the Waitaki, the rocks are 
thrown into broad folds, the axes of which run north and south in 
the north part of the Province, but gradually sweep round to the 
north-west and south-east, and dip slightly to the south-east, or 
away from the highest mountains. The main anticlinal axis (fig. LA) 




C A B 

Fig. 1. — Generalised section across Otago : — A. Main anticlinal curve ; 
B. Northern synclimil curve ; C. Southern synclinal curve. 

starts from between the Shotoverand Lake Wanaka, and crossing 
through the Carrick and Knobby Ranges, passes north of Wai- 
I)ori to Outram and Saddle Hill. To the north-east a synclinal 
curve (fig. 1. B.) runs from the Ahuriri Pass in a south-east direc- 
tion through Mt. Domett, and along the northern slopes of the Ka- 
Icanui Mountains (Sections I. HI. and IV.) to the Horse Range ; 
while south-west of the main anticlinal another Rynclinal (fi<r. 1 . C.) 
runs from the Greenstone River (Section I.) through the Hokanui 
Mountains to Catlin's !River (Sec. V.) 

It will be thus seen that the main part of the Provinca of 
Otago is formed by a central anticlinal curve rupning in an approxi- 
mate north-west and south-east direction, with a parallel synclinal 
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trough on either side ot it All the rocks of precretacous age 
take part in these curves, but the tertiary rocks are quite indepen- 
dent of them, and lie, when viewed on a large scale, horizontally, 
with only local varying dips. 

The main anticlinal curve brings up to the surface a broad 
band of the older mica schists (Wanaka formation), which is the 
principal gold-bearing formation in New Zealand,^aud consequently 
it is along this band that most of the gold fields are situated. On 
either side of the anticlinal the mica schists are followed by a newer 
schist formation (Kakanui formation), which also contains gold in 
many places. Owing to the south-easterly dip of the anticlinal axis, 
that has been already mentioned, this newer schist formation wraps 
round the older mica schists on their south-eastern boundary, and 
the latter disappear below the younger rocks before reaching 
Dunedin. (Sec. II.) 

On either side, again, the newer schist formation is overlaid by 
a mass of sandstones and slaty rocks of upper palaeozoic age, (Kai- 
koura formation) which, under ordinary circumstances does not 
contain gold in payable quantities, but may do so exceptionally, as 
at Orepi'ki, In the northern synclinal (Fig. 1 B), these slates are 
the youngest rocks seen, the newer schists rising up again below 
them towards the Waitaki (Sec. III.;, but a band of upper cretaceous 
rocks (Waipara formation) with coal, rests on the northern slopes 
of the Horse Range, and reaches the sea at Shag Point (Sec. VI). 
In the southern synclinal (Fig. 1, C) however, these slate rocks are 
followed by conglomerates and sandstones (»f triassic and Jurassic 
age. These rocks form the Wairaki, Moonlight, and Hokanui hills, 
and extend down to the sea between the Mataura and Port Moly- 
neux. More to the south-west, the slate rocks (Kaikoura forma- 
tion) again come up to the surface, forming the/ Bluff Hill, Long- 
wood Ranges, and Takitimus, and extends in a narrow band, which 
runs west of Lake Wakatipu,* to Martin ard Big Bays (Sec. I). 
Further to the westward neither of the schist formations have as 
yet been observed, but the slates appear to civerlie directly the 
gneiss formation, previously mentioned as composing the West 
Coast Range . (Sec. I). 

Rcund the coast, where the older rocks have been worn away 
by the sea, patches of tertiary rocks, sometimes containing thick 
beds of coal, are found. These younger rocks extend in some cases 
far up the river valleys, as in the Waitaki, Shajr River, Pomahaka, 
Oreti, and Waiau, where they reach to Lake Te Anau. A smalt* 
patch also still remains on the east side of Lake Wakatipu, shewing 
that at one time they must have been far more widely spread than 
at present. 

Volcanic actibn in tertiary times was chiefly developed in the 
neighbourhood of the east coast, the district around Dunedin Har- 
bour, having been the principal seat of activity. But vol^ic 
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rocka are found in the interior at Hamilton and Hyde, and in the 
Houth at Mount Pleasant ; and other localities may probably exist, 
which have as yet escaped notice. 

It will be seen from this general sketch that there is very little 
relation between the outward form of the ground and its internal 
geological structure. The highest land in the Province, from Mt. 
Aspiring through Mt. Earnslaw to Mt. Christina, crosses the strike 
of the rocks, and each of these mountains is situated in a different 
formation. Both schist and slate rocks form equally high moun- 
tains in the interior, and equally low and rounded hills near the 
-coast \nd it will be found that the shape and altitude of the 
hills is of no assistance in mapping the boundaries of all formations 
that are of pre-tertiary age. 

Nearly all the rivers and lakes run obliquely or directly across 
the strike, the principal exceptions being the rivers|bL the north, 
such as the HoUyford, Dart, Shotover, and Lake Wanaka, all of 
which lie in the direction of the strike of the rocks. 

Te Anau is the only lake that has dififerent formations on its 
east and west sides. The difference in aspect here is striking, but 
it is caused by one side of the lake being composed of soft tertiary 
clays, and the other of hard gneiss, in a somewhat similar manner 
to Lake Geneva. The tertiary rocks are usually easily recognised 
at a distance, but I have in Otago ridden over a hill composed of 
tertiary sandstone without even suspecting that I had left the 
palaeozoic slates. 

Of the twelve different]ma|ine formations which, accordfhg to 
my views, are found in New Zealand^ only one (Ahuriri formation), 
is altogether absent from Otago, and that belongs to the tertiary 
era. One other, however, of the tertiary formations (Wanganui 
formation), is not represented by marine rocks, but only by lacrus- 
tine deposits. So that the Province of Otago not only presents 
us with an almost complete epitome of the geology of New Zealand, 
but the structure of the district is so simple that it offers unequalled 
facilities for making out correctly the main features of its geolo- 
gical structure. 

In the following ta,ble, which exhibits these formations, together 
with their probable age, I have thought it best to include all the 
known New Zealand f ornoations, distinguishing that not found in 
Otago by printing it in italics ; for to understand properly the 
geology of the Province it is nearly as important to know what for- 
mations are absent, as to know what are present : — 
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Tablb of Sedivbktaby Fobvatioks. 



Probable Age. 



Name of Formation. 



Bemarks. 



Quaternary— 
Eecent 

Pleistocene 

Tertiary- 
Newer Pliocene 



{ 



Older Pliocene 
Upper Miocene 
Middle Miocene 
Lower Miocene 

Secondary — 

Upper Cretaceous 
Lower Jurassic 
Triassic 

Palaeozoic — 

Carboniferous (?) 
Upper Silurian (?) 
Lower Silurian (?) 

Eozoic — 

Laurentian (?) 



Becent deposits 
Pleistocene deposits 
Newer glacier deposits (a) 

Wanganui formation (6) 

Older glacier deposits (r) 
Pareora formation* (d) 
Ahuriri formation 
Oamaru formation* (e) 

Waipara formation {f) 
Putataka formation (g) \ 
Maitai formation* (h) 

Kaikoura formation* (0 
Kakanui formation (k) 
Wanaka formation (I) 

Manipori formation (m) 



Marine beds absent 
in Otago. 

Absent in Otago 






The lettors (a, &c.) refer to the Itections, and to Plate II. 

• Contemporaneous eruptive rocks are found in these formations. 

The most important points in the geology of New Zealand, on 
which the Province of Otago can throw considerable light, are the 
following : — 

1. The true position of the Spirifera beds (Maitai forma- 

tion), and their relations to the formations above and 
below them. 

2. The relations between the Wanaka, Kakanui, and Kai- 

koura formations. 

3. The relation between the Waipara and Oamaru forma- 

tions. 

4. The date of the granitic and syenite outburst. 

5. The date of the metamorphism of the Schist rocks. 

6. The age of the propylites of Dunedin Peninsula. 

7. The date of the last great glacier period in New Zealand. 
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SECTION IV. 
Desceiptive Geoloot. 

Mmipori Formation. 

Distribution, — This formation is found only on the west 
coast, fipm Milford Sound to Preservatiou Inlet, extending in- 
land to the HoUyford Eiver, the Te Anau and Manipori Lakes, 
and to the upper part of the Waiau. 

Bocks. — It is composed chiefly of syonetic gneiss, made up 
of white and yellow felspars with some quartz, and imperfectly 
foliated with hornblende and yellow or black mica. Sometimes 
the hornblende preponderates and occurs in layers or bunches, 
in which case mica is absent and the felspar is always white. 
Sometimes it passes into a dnrk grey gneiss, finely foliated with 
black mica, and at the head of Bligh Sound red gneiss occurs. 
At Milford Sound syonofic gneiss, containing numerous largo 
crystals of red garnet, is found ; and at ^Resolution Island and 
Bligh Sound there is a true garnet schist, composed almost en- 
tirely of granular garnets with layers of quartz. At Breaksea 
Sound granulite occurs composed of fine-grained white quartz 
with some felspar, and small flakes of black mica scattered 
through it in parallel planes. Hornblende schists foliate^ with 
small quantities of quartz, and hornblende rock, in which the 
quartz is absent, are common at Anita Bay and Milford Sound, 
and the latter also occurs at Doubtful Inlet. Marmolite, or ser- 
pentine schist, is found at Anita Bay, and quartz schist at Deas 
Cove in Thompson Sound. There is also in the museum a speci- 
men of mica schist, composed of black and yellow mica in larg > 
scales, foliated with quartz, which was brought by Dr. Hector 
from Seal Island. CipoUino, a white granular limestone, with an 
internal coarsely crystalline structure, and with numerous flakes 
of pink lithia-mica scattered irregularly through it, is found in 
Thompson's Sound, and the same rock, but with little or no 
mica, occurs at Anita Bay. 

Position of strata, — ^At the entrance to Wet Jacket C ove, 
between Dusky and Breaksea Sounds, the rocks are vertical, and 
strike north and south. In Shoal Cove, at the head of Bradshaw 
Sound, the dip is N.W., at a high angle. In Thompson's Sound, 
the dip is about 45"^ N.W., and in the south fiord of Te Anau 
Lake, 67® N.W. In Milford Sound, opposite Harrison's Cove, 
the dip is 80® W.N.W., and at Anita Bay it is 75® W. by S. 

Thickness. — It will be thus seen that the dip is remarkably uni- 
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form tbroughout, and the formation must be of enormous thick- 
ness. The distance from the entrance into Thompson's Sound to 
Lake Te Anau is about 40 miles, and I observed the dip to be 
N.W. at both ends and in the middle of the section, and never 
at a less angle than 45^. This would give a thickness to the 
formation of at least 160,000 feet, which appears to be incredible, 
but we can only escape from this conclusion by supposing either 
that I happened to make all my observations on i^imilar sides of 
synclinal curves, which is quite possible, or that the plane of 
foliation does not correspond with the original plane of bedding 
for which at present there is no evidence. 

Age, — Although these rocks are separated from the other 
metamorphic rocks in the centre of the Province by rf band of 
slates and sandstones, their more highly metamorphic character 
is sufficient efidence that they are older than the mica schists of 
the Dunstan (Wanaka formation), for I shall presently shew* 
that this extreme metamorphism cannot be accounted for by the 
presence of the granite at Preservation Inlet, and consequently 
we cannot be very far wrong if, for the present, we consider them 
as belonging either to the Laurentian or to the Cambrian 
period. 

Eruptive Rocks. — A considerable number of dykes and veins 
of eruptive rocks occur hi this formation, but it is uncertain at 
what period they were erupted, and some of them may be due to 
segregation. Vein granite^ generally fine grained with white fel- 
spar, quartz, and black mica occurs at Milford ^oun *,t a id Seal 
Island ;j: and Titiroa, a high mountain behind JVlanipori Lake 
appesffs to be composed of a dyke of white granite. Fegmalite, 
consisting of coarsely grained white felspar and quartz, with 
silvery white -nica, occurs at Milford Sound. Mica Trap, com- 
posed almost entirely of black mica in coarse flakes with some 
layers of felspar, was brought by Dr. Hector from Petrel Island, 
in Dusky Bay, in 1863 ; as also was a chlorite porphyry, consist- 
ing of a white felspathic matrix, with yellow mica and green 
fissile chlorite, from Seal Island. Eurite, composed of white 
felspar and quartz, occurs at Wet Jacket Cove and Milford 
Sound ; and Porphyrite at Milford Sound. 

Minerals. — The Serpentine which occurs plentifully at Anita 
Bay, is pale green, tranf^lucent and with a more or less schistose 
structure. It is tolerably hard, but can be scratched with a 
knife. It is the inferior greenstone, or Tangiwai, of the Maoris, 
and the Marm elite of mineralogists. The true greenstone, or 
Pounamou of the Maoris, — the Nephrite or Jade of mineralo- 
gists — appears to occur only in veins through the marmolite, and 

* See Maitai formation, contemporaneous eruptive rocks. 
fSpecimens brought by Dr. Hector, t ^or further remarks on this point, 

see Section Y, Eozoic and PaltBOZole £ra8. 
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does not exist in large separate dykes. Nephrite may be distin- 
guished from Marmollte by its hardness, it being impossible to 
scratch the former with a knife. Chemically, nephrite differs 
from marmolite only by the absence of water ia its composition, 
and any number of different varieties may be found differing 
much in hardness, even in the same block of marmolite. 

This formation is remarkably barren of metalhferous veins. 
No gold in anything like a payinjj quantity has been found in 
any alluvia derived trom it, but Dr. Hector has reported silieate 
of copper from Milford and Bligh Sounds, and cobalt bloom from 
some other locality not named.* 

No}nenclatitre. — I have given the name of Manipori forma- 
tion to these rocks, as the Manipori Lake is situated entirely in 
them. It is the same as the Gneiss-granite formation of Dr. 
HectoKt 

"WaNAKA rORMATIOX. 

Disfrihiiflon. — Tliis formation extends in a broad belt, some 
40 miles in width, through the centre of the Province. Com- 
mencing on the northern boundary, between Mt. Aspiring and 
Lake Hawea, with a breadth of 30 miles it gradually expands 
southward, embracing the lower half of Lake Wakatipu, the 
Dunstan district, and the valley of the Clutha Eiver as far south 
as the Beaumont Ferry, Avhen, turning to the eastward, it termi- 
nates before reaching the sea between Outram on the south, and 
the head of the north branch of the Waikouaiti E-iver on the 
north, but appearing again on the beach at Brighton. Thus 
occupying an area of about 5000 square miles. 

Mocks. — It is composed almost entirely of mica-schist, rang- 
ing from an argiUaceous mica-schist, as at the Carrick Eanges, 
to a gneiss-like looking rock, as in the neighbourhood of Bendigo. 
Ordinarily, it is composed of very fine silvery-grey mica foliated 
with quartz, and it often has a waved or corrugated structure. 
Near Queenstown chlorite-schist is largely developed. At Mt. 
Alta, near Lake AVanaka, there is a quartzose-mica schist, com- 
posed of pinkish quartz and fine scales of mica in regular parallel 
folia)4 J^"^ ill the JShotover a remarkable looking hornblende- 
achist is f.mnd, composed of irregularly foliated quartz and horn- 
blende in about equal quantities ; and as the hornblende oftei\ 
occurs in reddle-shaped crystaU lying across the plane of folia- 
tion, it gives the rock an appearance somewhat similar to that of 
graphite granite. Large crystals of iron-pyrites are found in 
this rock. 

* N. Z. Exhibition Jurors' Reports and Awards, p. 2G5. 
t Quar, Jour. Geol. Soc,;1865, p. 128, ix. {k), 
X This description is taken from a specimen in the Museum. I hare 
not seen the rock in situ mjself . 
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One of the chief characteristics of the rocks of this forma- 
tion is the numerous laminae of pure white quartz, of considerable 
thickness generally found in them. This is no doubt the effect of 
extreme metamorphism, from which has resulted the entire sepa- 
ration into distinct layers of all the superabundant silica tnat 
was distributed through the rock previous to metamorphism. 

Corriigations, — The remarkable corrugation of much of the 
schist is not so characteristic of these rocks as the separation of 
the quartz into layers, for it is also occasionally found in the next 
(Kakanui) formation. These corrugations are generally sup- 
posed to be owing to the original rock, previous to metamorphism, 
Laving contained ripple marks, it being supposed that the folia 
have followed the curves of the ripple mark in the same way as 
they follow the planes of lamination or of cleavage. But 
although this explanation may account for the phenomena in 
some places, it can hardly do so in Otago, partly because many 
of the corrugated rocks have evidently been clays which never 
carry ripple-mark, and partly because the corrugations, as seen 
in the beautiful sections in the Shotover, cover one another so 
accurately and regularly, though more than 20 feet in thickness, 
that it is impossible to suppose they can owe their origin to 
ripple mark, which is always irregularly distributed through a 
rock. I think a better explanation can be found in the expansion 
by heat of soft rocks under great vertical pressure ; the compres- 
sion thus produced having been relieved by numerous small cor- 
rugations, instead of by fewer and larger contortions. 

JPosition of Strata. — These rocks, although so old and so 
much metamorphosed, lie remarkably flat oyer their whole extent. 
They form, as has been already mentioned, a low broad anticlinal 
curve, rising to the north-west, and running through the pro- 
vince, but branching off at the Upper Taieri into two anticlinals, 
one running to the "Waikouaiti Downs, and the other to Hindon, 
with a flat synclinal between them running from Sutton Stream 
to Blueskin Bay (see Sec. III). Thus on the southern and 
western side of the anticlinal, the rocks dip in the Shotover from 
15* to 25*, N.W. to S.W ; at Skipper's, the dip is 30* to 50*, 
W. ; at rive Mile Creek, 40* S.W- ) at Queenstown, 25* to 45* 
S.S.W. ; and at Kingston, it is 15* S.W. Further south the 
beds curve round more to the east, and the dip at Waipori is 
25* S.S.E. ; and at Outram, 35* S.S.E. On the north-east side 
of the anticlinal, the dip at the south end of .Lake "Wanaka is 
40* N,E. ; in the neighbourhood of Bendigo, from horizontal to 
35* N.N.E. ; and at Black's, 10* N.E. Along the top of the 
anticlinal, the dip is variable, but generally to the south-east. 
Por example, at the bridge in the Kawarau Gorge, it is 40*^ 
8.S.E. ; at Clyde, 25* S.E. ; at Alexandra, 20* S.B. ; up the Cdn- 
^y, 10* S.S.E. On the other hand the dip is verjr variable in the 
irrick Banges, and in the Dunstan Gorge it vanes from 25* W« 
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to 28® S.W. Towards the east, where the main anticlinal splits 
up into two, the dip between the Lees and Deep Stream, is very 
slightly N.N.E. ; in the Deep Stream it is 15 ° N.N.E , and in 
the Upper Sutton, slightly E.N.E. But at the lower end of 
Strath Taieri, the dip is 10® S.W. ; and it again becomes north 
at Hyde and McEaes. 

Foliation, — As the changes in the lithological character of 
these rocks take place at right angles to the plane of foliation, 
it follows that tne foliation coincides with tne original plane 
of bedding. This is further confirmed by the general geological 
structure of the district, for, as a general rule, the plane of foli- 
ation dips towards that portion of the next younger formation 
that lies nearest. The same might also have been inferred from 
the small angle of inclination that these schists have over a large 
extent of country. Por if the foliation had taken place along 
planes of cleavage, it would have had the high angles of inclina- 
tion which usually accompany that structure, due to the cleavage 
planes having been formed at right angles to pressure laterally 
appHed. 

Relation to underlying formation, — It has been already men- 
tioned that lio junction can be found in the Province of Otago 
between this and the Manipori formation ; consequently it is 
impossible to say whether tnere is any unconformity between 
the two. This may perhaps be proved in Westland, as both the 
Manipori and Wanaka formations are stated to extend into it. * 

Thickness. — As the base of this formation is not exposed it 
is impossible to ascertain its thickness, but it is certainly very 
great, tor between the Arrow Eiver and Moke Creek it cannot 
be less than 60,000 feet. Its probable age will be better dis% 
cussed after the two next formations have been described, for the 
rocks have undergone so much metamorphism that it is hopeless 
to expect that we lean ever find fossils in them ; although as 
plumbago has been found in the Dunstan and Wakatipu dis- 
tricts, it is evident that vegetable remains were once entombed 
in them. 

Eruptive Rocks. — The almost entire absence of eruptive 
rocks in both this and the next formation is remarkable, and very 
difficult of explanation. I know but one small dyke of porphy- 
rite in the Carrick Eanges. 

Minerals. — It is however the main gold-bearing forma- 
tion of Otago. Quartz mines are being worked in it in the 
Shotover and Arrow Rivers, at Bendigo, in the Carrick 
[Ranges, and at Waipori, while the gold obtained from most 
of the alluvial workings has also been derived from the degra* 
. . — . ■ ■ - ■ ■ , ■ > 

* Hector, Geological Map of New Zealand, 1869 ; and Haajit, Notes 
on the geology of the central poriion of the Southern Alps. Beports of 
geological explorations, 1870-1^ p. 23, and Sections Kos. 9 and 10. 
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dation of these rocks. Copper exists at Moke Creek and Carrick 
Ranges. Cinnabar has been found neap Waipori, at the Duns- 
tan, Carrick liange, and Serpentine Valley. Silver has been 
found at Lake Wakatipu,* ana in the Kawarau Gorge. Galena 
is reported from Rough Ridge and Tokomairiro. Antimony is 
found at the Arrow, Carrick Ranges, and other places. Rhodonite 
in the Kawarau Gorge, and scheelite at the head of Lake Wakatipu, 
«nd in the Shotover and Arrow Rivers. Impure graphite occurs 
in considerable quantities in the Carrick Range, where, according 
to Mr. Buchan, it is sometimes 13 feet thick. 

Nomenclatw^e. — As this formation has not yet received a name 
I have called it the Wanaka formation, for it surrounds Lake 
Wanaka on both sides. It is identical with the " contorted 
felspathic schist" of Dr. Hector. f 

Kakanui Formation. 

Tuamarina Fttrmation (FlutlonJ. 

DistnbiUion. — This formation extends in an almost continuous 
belt round the western, southern, and eastern margins of the 
Wanaka formation. Commencing in the Forbes Mountains, north 
of Lake Wakatipu, it includes the northern half of that lake and, 
passing between Kingston and Athol, it bends gradually to the 
east to form the northern portions of the Garvie and Umbrella 
Mountains. East of the Pomahaka it is interrupted by an over 
lapping of the Kjiikou^ formation in the Tapanui, or Blue 
Mountains, but appears again on the eastern side of the Clutha, 
forming the southern part of the Tuapeka gold fields from Gabriels 
Gully to Mount Stuart and Waihola Lake. On the north-eastern 
side of the Tokomairiro Plain it re-appears, forming the low hills 
near the sea from the Akatore River to Saddle Hill. From the 
latter pbce a narrow band runs northward, fcrminsj the Chaiii 
Hills, until it disappears under the basalts of Flagstaff Hill. 
Commencing again north of the Taieri Plain, it forms tlie southern 
part of the Silver Peak Mountains, and runs out to a point at the 
south-west corner of Waikouaiti Harbour. Commencing again in 
the Shag Valley, it runs in a north-westerly direction, and 
gradually increases in breadth until it covers the country from 
Hyde and Hamiltim to the Kakanui River, including a large part 
of the Kakanni Mountains. Further to the north-east a small 
detached portion is fi'Und at Awamoko. North of the Kakanui 
Mountains it dplits into two bands, one of which runs north to the 
Waitaki River at Kurow, and the other nms north-west through 
Kyeburn Hill, Mount Ida, the Hawkdun Ranges and Blackstone 

Si 

•First discovered by J. B. Bradshaw, Esq. 

•f On the Geologry of Otago. Quarterly Journal Geological Societv 
1865. 4p. 128, Tiii., 3 (i'O. 
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HiU, Dunstan Peak, Mount St. Batbans, and the Upper Lindb, to 
the north-east corner of Lake Hawea. 

Rocks, — The principal rock composing this formation \9 a grey 
phylHte, or argillaceous mica schint, in which the mica is but very 
feebly developed, but beds of clay slate, mica schist, and occa- 
aionally of quartzite, also occur. 

Position of Strata, — At the head of Lake Wakatipu the rocks 
belonp;iDg to this formation dip 65^ S.W. on the east pide, and 
15** S.S.W. on the west side of the lake. At Fews Creek the dip 
is 45* to 60** W. East of Athol the dip is 45 •* E.S.E., but more 
to the west it alters to W.N.W. In the Upper Pomahaka I 
observed the dip to be 60® to 70® N.E., which shows some 
irregularity in the structure of this district. In the neighbourhood 
of Lawrence the general dip is southerly, but the lay of the rocks is 
not uniform. I observed here one dip of 30® S.E., and others 
from 10® to 20® S.W. At the head of Weatherstone's Gully it is 
25® .3.E. At Saddle Hill the dip is 20® to 30® W.S W., but in 
the tunnel through the Chain Hills it varies consideraMy, being 
50® E.N E. on the west side, nnd 35® to 43® S. by E. on the east 
side, and it is probaMe that the southern branch of the main 
anticlinal passes between the tuhnel and Saddle Hill. In the 
north-east part of thn province the dip is much more regular, being 
at Morven Hill Station and Lindis Pass 45® N.E., at St. Bathan's 
45® N.E., at Mount Ida 30® N.E., and at Hamilton 5® to 17® 
N.N.E. North of the northern syncline the dip at Kurow is 
45® W. At Maruawhenua the beds are vertical, with a S.E. by EL 
strike; at Awamoko they dip 50® S.W., and in the Otepopo 
district the dip is pretty constant to the west and south-west. 

Relation to underlying formation. — This formation is quito 
conformable to, and passes insensibly into, the Wanaka forma- 
tion. The distii^ion between them is quite jirbitrary, and I 
should not have attempted to separate them if it had not been 
necessary to divide such an enormous thickness of rocks in order 
that the map might display somewhat of 1 he geological structure 
of the district. But the difference between them is simply owing 
to the older and lower formation having undergone more meta- 
morphism than the upper. 

Thickness, — The tnickncss of this formation can be estimated 
far more accurately than either of the two former ; for in the 
Upper Lindis the rocks dip pretty steadily at an angle of 45® 
for a distance of 14 miles. This would give a thickness to the 
formation of 10 miles, or 52,800 feet. 

Fossils, — In my report on the geology of the north-east dis- 
trict of the South lBland,''^|L8tated that some obscure fossils lad 
been found near Picton in Alue argillaceous sandstone belonging 
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to this formatioDy but Dr. Hector has since informed me that a 
a considerable number of fossils have been lately obtained from 
this locality by Mr. A. McKay, and that some of them are 
identical with tertiary fossils in the Colonial Museum ; so that 
at present no fossils have been found in these rocks, although 
they may probably exist in some of the clay slates. If found 
they will, I expect, prove to be identical with the graptolites, &c., 
of the auriferous slates of Victoria. 

Eruptive rocks,'— -1 know of no eruptive rocks in this forma- 
tion, except some tertiary basalts which will be mentioned fur- 
ther on in the report. 

Minerals. — Gold is generally distributed through this for- 
mation, but not so abundantly as in the last. The richest dig- 
gings where the gold has been exclusively derived from these 
rocks is at Naseby, for the alluvial deposits worked at Nokomai, 
Switzors, Tuapeka, Hamilton, &c., have been in great part de- 
rived from the "NVanaka formation. 

Nomenclature. — This formation is identical with Dr. Hector's 
Kakanui series*, and also with the Tuaniarina forination of my 
report on the geology of the north-cast district of the South 
Islandt, and as that name was given by me, because at the time 
I was not able to identify it with Dr. Hector's Kakanui series, 
I now abandon it and revert to Dr. Hector's previous name. 

^ Kaikouha Foemation. 

Te Anau Series — Hector (?). 

Diairihiftioji. — The principal mass of this formation extends 
southward from Big Bay and Martin Bay on the West Coast 
through the valleys of the Hollyford and Greenstone Eivers, 
and tho Livingstone and Eyre Mountains to the Dome. From 
there it trends south-eastward across the Upper Waikaka to the 
Tajpanui Mountains, and from there down the Xiower Pomahaka 
and Clutha to Stony Creek. It is again found forming the 
northern base of Mount Misery and the hills north of the 
Tokomairiro River, between the plains and the sea. Another 
branch goes southward, forming the Takitimu Mountains, and 
then again divides into two, the westerly branch going through 
Black Mount and the Monowai and Howloko Lakes to the sea 
coast, between Te-wae-wae Bay and Chalky Inlet, while the 
eastern branch forms the Longwood Ranges, the Bluff Hill, and 
the northern part of Stewart Island, each of these being isolated 
from one another by tertiary rocks or the sea. Whether this 
formation extends through Slewart Island I cannot say, as I have 
never been south of Port William. 

• Quar. Jour. Geo. See., 1865, p. 128, VHI. 1 (i). 
t Beports of Oeological Explorations, 1872-3> p. 31. 
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In the north of the province these rocks are agaia found in 
the vallej of the Ahuriri River, as far as the Waitaki, and they 
extend south through the Kurow Mountains. Another narrow 
patch occupies the hollow of the northern synchnal, and forms 
the southern part of the Kakanui Mountains, and the northern 
part of the Horse Eanges. 

Rochs. — The rocks composing it are principally argillite, clay 
slate, and grey sandstone, or quartzite, with occasional beds of 
jasperoid-slates and conj^lomerate. lu the Horse Rtinges two bands 
of a very finegrained granular marble are found, which is of a grey 
colour, with streaks of white running through it in all directions, 
and is of a subschistose structure. Port William, in Stewart 
Island, is composed uf slates and sandstone, dipping 70^ W , and 
intersected by (numerous dykes of syenite and granite. Hugged 
Island is principally quartzite, dipping 55® W. Codfish Island I 
did not visit, but tiie rocks brought mo from there show that it is 
composed of quartzite, conglomerate, and phyllite. Dog Island is 
formed of slates and conglomerate, but I could not satisfy myself 
as to their dip. 

Position of strata, — At the Bluff the rocks are more or less 
vertical, the dip changing from 75 "^ N.N.E. to 85* S.S.W. At 
the Narrows, near Riverton, the beds are ulso vertical, with a S.E. 
strike. Between Lake Wakatipu and the Hollyford River the 
rocks of this formation, which commence just above the natural 
bridge in the Route Burn, dip about 25® M.W. In the Leithen, 
which flows from the Umbrella Mountains into the Pomahaka, the 
dip is 35® S.E., and in the Upper Pomahaka 62® S.S.E. ; in the 
Waipahi 75® S. At about three mil^s north-w<-st of Clinton the 
dip is 25® S.S.W., and at «tony Creek 25® to 40® S.E. by E. In 
the northern part of the province I was not able to ascertain the dip 
in many localities, but at Mount St. Cuthbert it appears to be 40^ 
N.W., and in the Horse Ranges it is 25® N.E. by E. 

Relation to underlying formation, — That an unconformity 
exists between the Kaikoura and the Kakanui formations is evident 
from an inspection of the map. Along its western boundary the 
Kaikoura formation rests upon the Manipori formation, and wraps 
round it both at Martin Bay on the north and Preservation and 
Chalky Inlets on the south. At the Tapanui Mountains it overlaps 
the Kakanui formation, and rests partly on the Wanaka formation, 
while the patch ot Kaikoura rocks in the Horse Ranges must also 
lie uncont'ormably on the Kakanui formation, as there is not 
sufficient room for the whole of the latter to come out between the 
former and the Wanaka formation on the opposite side of the Shag 
Valley. It is not so easy to prove this in actual sections, but I 
believe that I came across a case of unconformity in the cutting 
leading down into the valley of the Pomahaka on the road from 
liunrobiu. The upper part of this cutting consists of argillites^ 
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which I take to belong to the Kaikoura formation, and which 
appear to dip 62^ 8.S.E. ; but, as is usual in this formation, the 
beddin/g; is not very distinct The lower part of the cutting is in 
phyllites, belonging unddubtedly to the Kakanui formation, and 
dipping 50"^ t'> 70"^ N.E., but the two portions of the cutting are 
diyided by a space of more than 100 yards, along which no rocks 
can be seen. 

Metamorphic Action, — Notwithstanding this unconformity, it 
it is by no means easy, in the absence of fossils, to draw the 
line bet*^ een these two formations ; for the metamorphic action has 
passed upwards through both, assimilating to some extent along 
their boundary the rocks of each formation. The (gradual transi- 
tion from true mica and chlorite schists to ordinary slate, or 
argillit* , as we ascend Irom the Wa^aka to the Kaikoura forma- 
tions is certainly not due to any of the intermediate phyllites being 
"rerompn^ed" rocks; but shows a gradual diminution in roeta- 
m(>rphic action from below upward. The evidence here seems to 
me to be strongly against the views advocated by Sterry Hunt, 
Favre. and others, that the crystalline schists were originally 
deposited in their present form. 

Thickness. — I have no data to estimate the thickness of this 
formation in Otago, but it is not so well developed as it is in the 
northern part of the South Island. 

-<4^e.— Notwithstanding that this formation \s widely spread 
from one end of New Zealand to the other, no fossils have as yet 
been described from it, hut it his always been considered as 
palaeozoic both by Dr. Hochstetter and Dr. Hector, and as it under- 
lies quite unconformably tlje Maitai formation, which is of lower 
Jurassic or triassic age, we may consider it for the present as belong- 
ing to the carboniferous period, and the Kakanui and Wa»aka for- 
mations to the uppet and lower silurian periods respectively. 

Fossil 8, — In my report on the geology of Southland I des- 
cribed some fossil remains from Coal Hill and Centre Hill as 
beh>nging probably to the Foraminifera,* but I am indebted to my 
friend Professor Eupert Jones of the Staff College at Sandhurst, to 
whom I ^ent specimens, for correlating my mistake, and pointing nut 
to me that they are weathered fragments of the shells of Inoceror 
ntusor Perna; consequeittly 1 have removed these rocks from the 
Kaikonra into the Maitai formation. 

Contemporaneous Ervptive Hocks. — ^Thick masses of green 
stone (aphanite) tuff are found interbedded with the slates and 
sandstones in the valleys of the Route Burn, and Oreenst(^)ne nea^ 
Lake Wakatipu, and also in the neighbourhood of Long Kidge 
near the Waimea Plains. Dykes of various eruptive rocks also 
occur in many places, but as there is reason to think that they 
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belong to the Mhltai formation 1 shall consider them under that 
head. 

Minerals. — Gold in small quantities is found throughout thi<^ for- 
mation, but the Longwood Range is the only place in which it occurs 
to any considerable extent. The gold of the Orepuki district must 
have come out of these rocks, as it is found up the valley uf the 
"Waimeamea, a smill river rising in the Longwood Range. The 
conditions here are eminently favourable for the existence of me- 
tallic ores, as the slate rocks have been much penetrated by igneous 
dykes ; and the same favourable conditions extend to the northern 
part of Stewart Island, and to the country between Te-wae-wae 
Bay and Preservation Inlet. 

Nomenclature. — I consi'ler the rocks here described to belong to 
the Kaikoura formation of my report on the geology of the north- 
east district of the South Island.* They cannot be the same as 
the " Kaihiku series " of Dr. He3tor,t as neither the Kaihiku 
Mountain nor the valley of the Kaihiku River are composed of 
them. They may possibly belong to his " Te Anau series, "J for in 
some respects his section agrees very well with their position ; but 
if so, the name is unfortunately chosen as nearly as the whole of 
the shores of Lake Te Anau are formed either of gneiss belonging 
to the Manipori formation or of tertiary rocks. Dr. Hector also 
considers his " Te Anau series " as lower mesozoic, and compares it 
with the porphyritic rocks in South Ameiica,§ to which the present 
formation does not bear the slightest resemblance. So that alto- 
gether I am unable to identify Dr. Hector's " Te Anau series" with 
any rocks In Otago, and consequently I think it best that this for- 
mation, which is widely spread from Stewart Island to the North 
Cape, should go by the name of the Kaikoura formation until it is 
divided up more into detail. 

AJaitai Formation. 

Kaihiku series, {Hector?); Wairoa series, {Hector); Itichmond 
sandstone, (^Hochstetter) ; Otapiri series, {Hector) ; iSfuxw 9 
Bay series, {Lauder Lindsay), 

Distribution, — This and the next formation are only found 
filling the southern synclinal already described. || Commencing 
north of Burwood, near the heads of the Mararoa and Oreti Rivers, 
it runs in a south-easterly direction ; forming Coal Hill, Centre 
Hill, Mount Hamilton, the Wairaki Downs, the Moonlight Ranges, 
and the nortliern portion of tbe Hokanui Hills. Here it disappears 
under the Putataka formation, but reappears again in the Kaihiku 

* Reports of Geological Explorations, 1872-3, p. 32. 
t Quar. Jour. C^l. Soc, 1864, p. 128, yii. h. 

J 1. c. vi. g. 

§ 1. c, p. 124. 

• AnU p. 23, Fig. 1, C. 
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Hills, ranning down to the Naggets on the sea coast, and spreading 
north beyond the road from Balclutba to Clinton, Twinlaw and 
Bala Fiill, lying north of the Longwood RaDge, also appear to 
belong to this formation. 

Eock8,~'V\iQ rocks are principally shaly slates, argillites, and 
green sandstones, with occasional beds of conglomerate and green- 
stone tuff. These conglomerates consist entirely of subangnlar 
fragments of slate and sandstone, and I have never found a single 
pebble of any eruptive rock in them. 

Position of iStrata. — Along its north-west margin, this forma- 
tion is very much disturbed, being thrown into several bold plica- 
tions. At Mount Hamilton, |the dip is 40® to 65® E. ; at Centre 
Hill, 50° W. by S. ; and at Coal Hill, (a south-westerly spur from 
the Eyre Mountains,) it is 75® E. by N. Along the suutueru 
part of the Wairaki Hills, near the head of the Morely Creek, the 
dip is 20° N.E. ; and at the gorge, where the river enters the plain, 
15® S.W. At Castle Rock Station, on the north side of the 
Moonlight Range, the dip is 20® S.W. ; while further south, near 
Dipton, it is 30® S.S.W. On the eastern side of the Oreti River, 
above Btnmore, these rocks dip *JU® S.S.W. ; and on the north- 
west side of the Hokaniiis, in the bed of the Waimea Stream, 60* 
N.E. by E. ; while at the head of the Otapiri, they are vertical; 
and strike south-east and north-west. At Popotunoa Gorge, tho 
rocks dip S.W. at high angles, to vertical ; but between Clinton and 
Balclutha, the dip seems to be generally northerly, and in the Wai- 
tepeka 1 found it to he 55® N. At the ]Suggets, these rocks are 
vertical, and strike N.W. and S.E. 

Relation to Underlying Formation. — The junction between this 
and the last formation is not very clear in the Province of Otago, 
and I have not been able to find a section showing it resting on the 
rocks of the Kaikoura formation. But that it does do so is evident 
from the general geological structure of the district, and from the 
much lesd amount of metamorphism that these rocks have under- 
gone, than those of the Kaikoura Formation. In th e Clutha dis- 
trict, there appears to be an uniformity between the two, but it is 
not well marked. In the Province of ^'elson, however, complete 
nnconfc rmity exists, as I have elsewhere pointed out.* 

Thickness. — I am unable to give any estimate of the thickness 
of this formation on account of the foldings along its northern 
border, which will require very careful surveying to unravel ; but it 
is certainly more than 16,000 feet. 

Fossils. — At Coal Hill, a southern spur of the Eyre Mountains, 
and at Centre Hill, near Mount Hamilton, fragments of the shell of 
a species of Pema or Inoceramus are found in considerable quan- 
tity, but I found no specimen sufficiently perfect to shew the shape 

• Geological Beports, 1872-3, p. 34. 
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or exterior sculpture of the shelL On the eastern slope of the 
Moonlight Range, on the spar of a hill about four miles north of 
£ipton Station, beds composed almost entirely of Monotis stdinaria 
var. Eichmondiana ZHt. and HaloJna lomelli Wissm. occur, and at 
tiiis spot I also obtained a longitudinally ribbed MytUus^ and an im- , 
perfect cast of a species of tenia, I was also Informed that the 
same fossiliferous rocks are found on the hills to the north-west of 
Castle Rock. On the opposite side of Oreti River, at a place called 
Cowan's Wash, I obtained Monotisy Halobia, a large ribbed species 
of Peeten, and many plant remains ; and from the railway cutting 
in the neighbourhood, Spirigera vrreyi Suess, and two species of 
Spirifera have been forwarded to the •Museum. One specimen of 
Spirifera shews well the spirally rolled lamella that supports the 
arms. At Merely Creek, on the south side of the Waikari Hills. 
I got Halobia^ and casts of Isocardia, Trochus, <fec., and Dr. Hec- 
tor reports Inoceramus and Trigonia from the same locality. At 
Omaru Creek, between Catlin's River and the Clutha, Professor 
Black obtained Monotis salinaria, Peeten, and others; and at 
Shaw's Bay, or Roaring Bay, near the Nuggets, Spirifera and other 
fossils not yet described were found by Dr. Lauder LiiiJaay. Dr. 
Hector also found Spirifera^ (fee, in the Upper Otapiri, and Mr. J. 
Buchanan collected Halobia, Spirifera, &c., from the gorge of the 
Kaihiku River. Two of these fossils are analagous to, or even 
specifically identical with those of the Alps of Salzbourg : while 
Spirigera vrreyi is, according to Dr. Zittel, most nearly related to 
the devonian Spirigera undata Defr. 

Age, — No formation in New Zealand has suffered more ups 
and downs in the geological scale than this, although as it contains 
fossils identical with species in Europe, and determined by a Euro- 
pean palaeontologist, it might have been thought that its true position 
could be ascertained with greater accurady than any other of our 
formations.^ In 1864 it was referred by Professor von Hoch- 
stetter and Dr. Zittel to thetriassic period. In 1866 Dr. Hector classed 
the rocks of the Nuggets, and Kaihiku Range as upper palaeozoic* 
And he repeated this in 1870 in his catalogue of the Colonial 
Museum. But in his geological map of New Zealand, published 
about the same time, he colored them " cretaceo-tertiary." Dr. 
Haast has always considered rocks in Canterbury, which contain 
the same fossills as these, to be of lower carboniferous, or devonian 
age ; and Dr. Hector in his last report of the New Zealand Insti- 
tute (1874, p. 564), says that some of the rocks at the Nuggets 
belong to the carboniferous period, thus agreeing with 'Dr. Haast. 
On this point I may remark that Inoceramus or Pema occurs in the 
lowest beds of the series, and below Monotis and Halobia; while 
the two latter are found below the spirifera beds, and at the 
Omaru Creek Monotis salinaria occurs in beds that certainly 

* N. Z. EzhibitionJurors' Reports and Awards, p. 265. 
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do F.ot overlie those exposed tX the Naggetd. When to this we 
add that reptUian remuns (icAtAyonunu auitralit, Hectnr.) an 
fonnd associated with the same species of Spirifrra at Mr. Potts ia 
Canterbury, ve have little daubt but that this fomnition is not oldw 
than the trias. The question will I hope soon be seltlMl, aa Dr. 
"Hector has taken * large collection of these fossils to Engliuid wiA 
lum in order that they may be described there, meanwhile I agree 
with Hocbstetter and Zittel in referring them to the triasuc period. 
Contemporaneous Eruptive Eocii. — lu Preservation and Ohsl^ 
Inlets a considerable area is composed of a coarse grained pink 
granite, which I consider to belong to this formatioa This granite 
consists of a matrix af red thboclase and white quartz wiih small 
quantities of black mica, and is clearly eruptive and younger than 
the slates and sandstones of the Kaikoura formation which it 
pierces, and pieces of which are often seen enveloped in the granite. 
' Fig. 2 represents a junction of the granite with slate on the east 
aide of Isthmus Sound in Preservation Inlet 
A ^^^^'i*.V ^* junction here ia quite abrupt and jagged, 

■^^^^•i*'^-''' ' *'"^ ^^'* angular fragments of slate are seen 
^^SV'\^'* embedded in ihe granite. The slate near the 

^^^*'^"* junction has been considerably altered, and 

^^p!l|"j'»V»V " converted into a finely crystalline rock of a 
^P^'** dark grey color. The minerals are separated, 

and mica and quartz 'grains can be rtcof;- 
Rg. 2.— Jiinctidti of niaed with a lens, but roicroscopiciil in- 
f*^'" e"^ j"'*"*' 'estigatioa is necessary before the changse 
Gmr/; 6 SbSi^; ^^" ^= satisfactorily made out. This altera- 
tourft formaiion) \ c. tion, however, does not penetrate very 
FraginciitB of ekto in far, and the great mass of the slates 
gwnite. in the neighbourhood are quite unaltered. 

The felspar of the granite generally gets white as it approaches the 
slates, and tor about an inch from the junction gets very 
£ne grained, but the mica flakes Ipcrease in size. But in some 
cases the granite preserves its character close up to the slates. 
This proves clearly the eruptive nature of the granite, and that 
the eruption took place later than the Kaikoura formation. It also 
proves that the highly metamorpbic character of the gneiss rocks 
of the Manipori formation is in no way owing to the granite out- 
burst, as the granite has fuled to alter the slate rocks in its inune- 
diate vicinity.* 

I have abeady mentioned that in the conglomerates of the 
Maitai formation to pebbles of granite or other eruptive rock are 
to be found ; but in the Putataka formation, next to be described, 
pebbles of this pink granite occur ; consequently, the date of this 
}nunite must lie between the Kaikoura and Putataka fonnations. 
further evidence of this is found in the numerous dykes of syenite, 

•See «■<«, P. as. 
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diorite, dec, that penetrate the rocks of the Kaikonra formaticn, 
•oine of which pierce the lower beds of tha Maital formatiou, as I 
aha]] preAently mention ; but not a single dyke is a.«i yet known in 
the Putataka formation. I have also el^^ewhere* shewn that vol- 
canic actijn was going on daring this period in the Nelson Province, 
and I tbink therefore that we need not hesitate to connect the 
granitic eruption of Preservation Inlet, with the injection of dykes 
of syenite and greenstone, and probably also with the volcanic 
action, in the surrounding district. 

Tn PreservHtion Inlet the granite extends from Revolver Bay and 
Isthmus Sound to beyond Lady Ray, but occasional masses of slate 
are found amongst it. Great Island, in Chalky Inlet, is also entirely 
oomposed of it How far it extends up Long Sound, Cunans 
Sound, and Edwardson Sound I do not know, as I have not been 
up them ; and I have GUed in this boundary on my map from the 
remarks on the rocks in Dr. Hector*^ narrative of his West Coast 
exploration. With the exception of a few veins, I saw no granite 
in any of the other Sounds that I visited, viz.. Dusky Sound, Wet 
Jacket Cove, Breaksea Sound, Doubtful Sound, Bradshaw Sound, 
Thompson Sound, Bligh Sound, and Milford Sound ; and I saw 
none on the west side of Te Anau Lake. At the Bluff Hill, a broad 
dyke of syenite, composed of white felspar and crystals of black 
hornblende, runs nearly parallel with the bedding of the slates, and 
the line of junction between the two rocks is very complicated, 
veins of syenite, isolated apparently from the main mass, appearing 
among the stratified rocks parallel with the bedding, and looking as 
if the fsyenite wjis here a product o1? mptara^iphism, arid that the 
argillaceous rocks had been changed into syenite, while the more 
arenaceous ones had resisted the action ; but these appearances are, 
I am satisfied, fallacious. This syenite sometimes passes into an 
almost pure hornblende ro^k ; sometimes it is of a green color, 
caused by the dissemination of small particles of hornblende through 
the mass, but when exposed to the weather, these minute particles 
soon disappear from the surface, leaving the larger crystals studding 
the wliite felspar base with black spots. Several dykes of a similar 
rock Jire also seen at Port William in Stewart Island. Centre Island 
appears to be entirely composed of it, as also. Captain Fairchild in- 
forms me, is Ruapuke. Another dyke also occurs at the east end of 
Wakapatu Bay, at the base of the Longwood Range, and others pro- 
bably in the Takitimus. On the east side of the Nuggets a dyke of 
grey porphyry, with white crystals of felspar, traverses the rocks of 
the Maitai formation at right angles to the bedding. 

Nomenclature, — The fossils found in these rocks show that 
they are identical with the Maitai series of Professor Hochstetter. 
They may also be in part the Kaihiku series of Dr. Hector, as they 
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form the Eaihika Kange. But this is uncertain, as Dr. Hector*8 
description of the rocks forming his Kaihikn series does not at all 
agree with those at present under consideration, and he places it 
below his Te Anau series, which certsinly cannot be my Patataka 
formation. In t|»w of this uncertainty it is, I think, better to 
retain Professor von Hochstetter's name, which also has the 
priority. 

In a former report on the geology of the north east district of 
the South Island, I separated the Monotis bearing beds from those 
with Spirifei'a and InoceramuB (/), under the name of the Wairoa 
formation; but a further examination of these rocks in Otago, 
where they are better displayed than in any other part of New 
Zealand, has convinced me that this distinction will not hold, and 
that all must be classed in one formation. 

PUTATAKA FoBMATTOPf. 

Uataura Series of Lindsay and Hector. 

Distribution, — This formation is confined to the Hokanui Hills 
and to the country lying between the lower M?.tiura and Cannibal 
Bay, near the Nuggets. But it is also seen in the beds of some of 
the creeks on the Seaward Downs, below tbe gravels. 

Rocks, — The rocks composing it are slates, green and brown 
sandstones, shales, conglomerates, and thin seams of coal. At 
Benmore, in the Hokanuis, the conglomerates contain pebbles of a 
pale purple porphjnry, with crystals of white felspar, like the dyke 
north of the Nuggets ; and of pink granite like that at Preserva- 
tion Inlet, as well as pieces of green, red, and blue slates, and 
quartz. At the north end of False Islet, near the mouth of Catlin's 
Kiver, the conglomerates are formed of quartzite, sandstone, jas- 
peroid slate,*quartz, diorite, white granite, red porphyry with white 
crystals of felspar, and grey porphyry with white crystals of 
felspar. 

Position of Strata, — Behind Benmore Station, at the west 
end of the Hokanuis, these rocks dip 20^ E.S.B., and at Bastion 
Hill, where a splendid section is seen, 10^ S.K by E. In a south- 
easterly direction from this the beds get more horizontal, dipping in 
the Otapiri Qorge very gently to the north east. At the eastern 
end of the Hokanuis the dip is 30^ S.S.W., and at the Mataura 
Falls 3° N.N.E. On the left bank of the Mataura River, below 
Wyndham, the dip is 10^ N.N.W., and at the Toi-Tois e^° N.N.E. 
At Otaraia the dip is 35^ S.S.W., at a high angle. From the 
mouth of the Mataura to Waikawa the rocks are nearly horizontal 
(See Sea v.), but dipping slightly to the north. East of Waikawa 
the beds begin gradually to dip very gently to the north east, and 
this continues through Chasland's Mistake, to Tautaku and Hakkup 
Bays, from which the dip increases:^lo Jack's Bay. On tbe south 
side of Jack's Bay the rocks again flatten, dipping here 8^ N. On 
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the north mde of the bay they are horizontal, rising again with a 
&S. W. dip toirards Catlin'a Hiver. (Fig. 3). 
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Fig. 3. — Jack's Bay to the Nuggets. Distance, 6 miles. 

Jack's Bay therefore occupies a synclinal curve. The 
S.S.W. dip continues until close to the entrance to Catlings River, 
"when it changes sharply to the N.N.E. ; the anticlinal running 
under the Pilot Station and Flagstaff. This direction in the lay of 
the rock is continued to False Islet, at the south end of which the 
dip is 50® N.E. False Islet itself is formed by a synclinalicurve, 
the northern side of which is so sharply thrown up that at the 
north side of the Islet the dip is 80® S,S. \V.; while on the north 
side of Cannibal Bay the beds are vertical, and strike S.E. by E. 
This veitical position of the strata is maintained through Roaring or 
Shaw's Bay to the Nuggets, where the strike is S.E. andN. W. 
The rocks of the .Putataka formation extend, I consider, to a little 
beyond the north point of Cannibal Bay, where they are followed 
quite conformably by the rocks of the Maitai formation. 

Relation to Underlying Formation. — I was formerly of opin- 
ion that an unconformity existed between this and the Maitai for- 
mation, but the evidence I adduced, viz., different strikes in 
neighbouring localities,* is not of much weight, and I have since 
examined the coast section betwen Catlin's River and the Nuggets, 
and find that the two are quite conformable. The formations here 
can only be distinguished by their fossils. 

Thickness. — I estimate that the thickness of these rocks in the 
Catlin River district is between 9,000 and 10,000 feet. 

JFossils. — From Bastion Hill 1 obtained in 1872 a small com- 
pressed Pholadomya about an inch in length, and three-fifths of an 
inch in height, concentrically furrowed, and finely radiately striated; 
and from the tributary of the Otapiri in which coal has been found, 
I found a species of Astarte, apparently identical with A. wollumbil* 
laensis Moore. t From Tautukn Ammonites and Astarte have been 
obtained, and at Jack's Bay I saw Astarte (?), Ostrea, and a species 
of Mytilus with a curved beak, perhaps M problematicus Zitt ; and 
many fragments of wood. Fossil ferns, among which are Poly^ 
podium hochstetteriy and species of Tteniopteris are found at the 
Otapiri Creek, Seaward Downs, Mataura Falls, Waikawa, Owaike 

* Beports of Geological Explorations 187l-2« p. 104. 
t Quar. Jouf . Geol. Soc> xxvi> p. 260, pi. zii, fig. 12. 
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Creek near Catlin's Rivpr, and the upper part of the Omam Creek. 
These ferns have not yet been described, but many of them are no 
doubt identic al with thos j found near Port Waikato. 

Age.— In 1864 Professor Yon Hochstetter and Dr. Zittel re- 
ferred the rocks at Port Waikato, which belong to this formation, 
to the Jurassic period. In 1867, in my report on the Lower Wai- 
kato district, I called them Neocomian, and in the same year Pro- 
fessor von Hochstetter, in his " New ^Zealand," considered them as 
cretaceous. In his Prog:ress Report of 1868-9, Dr. Hector considers 
that this formation " corresponds in age with the coal measures of 
New South Wales;" but in 1869 and 1870, he placed it in his 
" cretaceo-tertiary " formation, and in his report on the ct>al fields 
of New Zealand, in 1873, he calls it " upper secondary.'' In 1872, 
in my report on the geoiogy of Southland, 1 referred it back again 
to the middle Jurassic period, and I still thiuk that it is either 
middle or lower Jurassic. 

Nomenclature. — These rocks have been called the " Mataora 
series " by Dr. Hector ; but if, as I think, they are the equivalents 
of the Port Waikato beds, my name of Putataka formation, given 
in 1867, will take precedence. 

Waipara Formation. 

This formation is very feebly represented in Otago, as it occurs 
only in two localities. 

Horse Range. — The first of these is situated at the mouth of 
the Shag River, and in the Horse Range, and extends in a northerly 
direction to the south branch of the Otepopo River, or Roukery. 
Here it is interrupted by the schist rocks, but further to the north 
an outlier crosses the north branch of the Otepopo River, and con- 
tinues up to Island Creek. 

Rocks, — The lower portion of this series is composed of shales 
and saudstunes, with thin beds of inferior coal, and conglomerates 
which are formed chiefly of fragments of slate and sandstone. 
Above these, in the Horse Range, are thick beds of quartz con- 
glomerates, which thin out seaward, and are covered by a series of 
conglomerates, sandstones and shales, with good seams of pitch 
coal. The uppermost beds of all are sandstones and sandy clays, 
with almost spherical ferruginous concretions, which have been 
commonly mistaken for septaria, and confused with the true septaria 
of Moeraki, which belong to a much younger formation. 

PogiHon of Strata. — ^The lower beds, where they abut against 
the slates of the Kaikoura formation, dip at about 25 "^ N.E., at the 
highest point in the road from Palmerston to Moeraki ; but as these 
b^ wrap round the denuded edges of the palasozoic slates, the dip 
constantly changes. To the east, along the Shag Valley, the dip 
increases until it attains to 60^ S.E. at Mount Ivitai, and then 
gradually increases again until it is about 20^ S.E., at the mouth 
of the Shag River. Towards the north an anticlinal axis is passed^ 
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and the beds dip more gently to the north-east, the angle of ineli 
'nation at Shag Point, wher^ the coal mine is situated, being about 
6*^ N.E., and it decrenses still more further to the north, where the 
beds coutainiog ferruginous cojcretions reach the sea, and the beach 
is strewed with these rounded stone balls of all sizet^, known as 
" Katiki boulders." Boulders, however, is not a correct term to 
apply to them, as it means a stone rounded by the action of ^^ater, 
while the sphericul outline of the '* Katiki boulders " is their or iginsd 
shape, they having been formed in the rock in which they are found 
by a chemical concretionary action, and have never been worn until 
washed out of their bed. 

Fomh are scarce in these rocks, but several ca^ts of bivalve 
shells have been obtained from the upper beds. These have not 
yet been properly examined, hut they appear to me tt) be quite ^ 
distinct from any found in the tertiary rocks. There is also in the 
Museum a fragment of ac Ammonite^ which is said to have come 
from this locality. Plant remains, especially leaves of dicotyledons, 
are more abundant ; and a Dammara^ which is not uncommon, has 
been identified by Dr. von Haast with one found at the Waipara 
associated with the remains of saurians. Dr. Hector in his cata- 
logue of the Cohmial Museum had previously classed these rocks 
with the Waipara bed;*. 

Th'ckne^s. — I estimate the thickness of the Shag Point series 
to be between 6000 and 7000 feet. 

Mount Hamilton. — The second patch of rocks belonging to 
this formation is found near the summit of Mount Hamilton in South- 
land, at an elevation of 2,500 feet above the level of the alluvial 
plain of the Oreti, or about 3.700 feet above the sea. 

Rocks. — The lowest bed of the series is a conglomerate, over- 
laid by shales with several seams of coal, which are again covered 
by yellow sandstime with thin seams of coal. 

Position of Strata — This series forms a synclinal curve (see 
fig. 4), the axis of which inclines downward to the S.W. by S., the 
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Centre tlL Ht. Hamilton. 

Fig. 4. — Mount Hamilton Coal Beds, 
western portion dipping 25"^ S.E., and the ea&tem 30"* W N.W. 

Fossils. — ^The sandstones above the coal contain numerous im- 
pressitms of leaves of dicotyledonous plants, many o*" which Mr. 
J. Buchanan informs me are identical with thu&e firom F*kawau, in 
he Nelson Province. 
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JRelanon to underlying farmatum, — Novhere in Otago can a 
jnrction be seen between the Waipara and Pntataka fonnationSy 
but in the Nelson and Canterbury Provinces they are quite nnoom- 
formable. In the Horse [Ranges the Waipara formation rests un- 
conformably on both the Kaikoura and Kakauui formations (see 
Sec. VI.), and at Mount Hamilton it rests unconformably on Uie 
Maitai formation. 

Age. — Professor Owen, in 1861, was of opinion that the beds 
from which Flegiosaurus australis had been obtained, were proba- 
bly of Jurassic age,* but Dr. von Haast in 1865, considered them 
as tertiary.^ Speaking of this formation in 1869, Dr. Hector says, 
"I believe [it] corresponds with the wealden group of Britain, No. 
6, [ferruginous clays and sands, with concretionary nodules con- 
jtaining saurian bones,] being the equivalent of the green sand." In 
my report on the geology of Southland, in 1872, 1 said that I was 
inclined to think that the Mount tiamilton beds would prove to h% 
of upper cretaceous age,t and later in |the same year, an exandna- 
tion of the fossils in the Colonial Museum, from the Waipara and 
Amuri, nr.ade me come to the same conclusion with regard to the 
Waipara formation. § In the following year Dr. voll Haast so far 
modified his opiuion as to class them in Dr. Hector's '' cretaceo- 
tertiary '" formation, and Dr. Hector, when describing the Saurian 
remainsll from Amuri and Waipara, refers them to the cretaceous 
period ; to the upper part of which I think tliey undoubtedly 
belong. No recent moUusca are known from this formation. 

Nomenclature. — The term Waipara beds was applied by Dr. 
Hector to this formation, in his catalogue of the Colonial Museum, 
IbiU, and previously by Pi of. vou Huchstetter. 

Oamabu Fobmation. 
Ototara and Trelimck groups. (HuUen), 

This formation is scattered about in patches in various parts 
of the Province, but principally near the coast. 

Oamaru and WaitaJd. — In this district tlie formation ex- 
tends from the Kakanui River to the Waitaki Rains, and stretches 
inland up the valley of the Waitaki, as far as Kurow Crieek. The 
lowest beds in the series are thin bedded dark sandstones, upon 
which lies the calcareous free-stone so well known as the Oamaru 
limestone. It is an earthy limestone, containing 90 per cent of 
carbonate of lime, and is followed by a hard crystalline shelly lime- 



• British Association Beport, 1861, p. 122. 

t Beport of the Geological Explorations of the West Coast, Christchunsh, 1865. 

X Beports of Geological Explotations 1871-2, p. 184. 

I Beports of Geological Explorations, 1871-2, p. 184. 

II Transactions N. Z. Institute, YI., p. 337. 
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stone. These constitute the Ototara group. Upon them rest quite 
conformably, calcareous conglomerate, containing fragments of slate 
and volcanic rocks, and green and yellow sandy clays, sometimes 
interstratified with volcanic rocks, the whole beinj^ again covered 
with limestone. These represent the Trelissic group. These beds 
lie, on the whole, nearly horizontal ; for the rocks up the Waitaki 
are but little, if at all, higher than those at Oamaru ; but the strata 
have various local dips. At the Awamoa railway cutting, beds 
belonging to the Trelissic group, dip 15® N.E., while in the valley 
of the Waireka, near Cave Valley, beds belonging to the Ototara 
group dip 5"* E by North. Up the Maruawhenua, the beds are 
nearly horizontal, the lowest one visible being grey sandy clay, 
followed by calcareous sandstone, which is overlaid by a brownish 
red sandstone. Higher up the Waitaki there is an outlier of 
tertiary green sandstone, wl\ich appears to be capped by calcareous 
rocks. These probably belong to the Oamaru formation. Below 
them good biown coal occurs. 

Oiepopo. — Further to the south soft green sandstones, dipping 
to the east, are seen in the Otepopo River, These probably belong 
to the Trelissii group, but no fossils have as yet been found in them. 
They are overlaid by the dolerites of Mount Charles. 

Shag Valley. — Grey, green, and yellow sandstone, associated 
with shelly beds, are found near Palmerston, and form the base of 
Puketapu, Mount Koyal, Smyler's Peak, Ac, where they are hori- 
zontal. But tliese beds are fiot very extensively developed here, and 
the boundaries of the different tertiary formations, are not easily 
made out. These r^cks are again seen at Deepdell Creek, sixteen 
miles up the Shag lliver, from whence they extend pretty continu- 
ously to Pigroot. Here they consist of green sands, covered by 
calcareous sandstone and limestone, the whole being often capped 
by basalt. (See Sec. VI.) Still higher up green sands with marine 
fossils, belonging probably to this formation, are found in the Kye- 
bum Creek at the coal mines, lying in the Maniototo plains, at the 
base of the Kakanui Monntains. Some of the green sandstone in 
Shag Valley, contains small specks of alluvial gold. 

Dunedin.--^i\\\ going south along the coast, the next place 
that these greensands are met with is at Merton, between 
Waikouaiti and Blucskin, and from here they appear to run in a 
narrow band at the head of tha Waitati Stream, and west of Swampy 
Hill, to Flagstaff Hilt, where th^y are cut off by the basalts which 
run from Flagstaff Hill down to Silver Stream. At the head of the 
Waitati iho rocks are grey calcareous sandstone and bituminous 
shale. In the Valley of the Kaikorai the Caversham sandstone 
again appears, and runs through Look-out-Point to the sea. It ia 
overlaid by basalt, and below it is a thick series of greenish gray 
sandstone and clays with brown coal, fcrming the coal series of 
Oreen Island and iSaddk UilL (See Sec. IX). A narrow belt of 
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the^te rocks nins across the Dunedin Peninsula, north of Harbour 
Cove, between Boat Harbour and Macandrew Bay, and appears again 
on the north side of Dunedin Harbour. The sedimentary rocks here 
consist of sandstone, and yellow and brown limestone, and are over- 
laid by the trachytes and basalts of Harbour Cove. The dark brown 
limestcine, which contains about 87 per cent of carbonate of lime, 
overlies the yellow limestone, but I was unable to ascertain the 
position of the sandstones which are found on the Dunedin Harbour 
side of the Peninsula. 

Tokomairiro and Kaitangata, — A>;ain going south an isolated 
patch of limestone, belonging to this formation, is found on both 
sides of the road at VVaihola Gorge, and still further south rocks of 
the same age are extensively developed between the Titkoraairiro 
Biver and tlie Clutha, forming tbH Tokomairiro and Clntha coal 
field. These rocks consist chiefly of conglomerates, sandstones, and 
shales ; but at Tokoiuairiro a black bituminous limestone occnrs, 
which is said to overlie the coal.* During my visit to Tokomairiro 
I was not fortunate enough to find this limestone, although I made 
many enquiries about it, so that probably it is of verj^ small extent. 
The conglomerates over the coal at Wangaloa contain alluvial gold. 

Lake Wahitipa — At Fews, or Twelve-rnile Creek, on the east 
side of Lake Wakatipu there is a small patch of tertiary rocks 
belonging to this fitrmation. The lowest bed is blue shale covered 
by green sandstone, which is ngain foUowed by calcareous sand- 
stouH with bands of conglomerate, the whole being capped by a 
hard grey limestone, containing 90 j^ per cent, of carboiiate of lime, 
and about 3 per cent, of carbonate of ma^^nesia. These h^ds are 
about 600 feet thick, and dip 15^ S.E , towards the Lake. (^ig. 5, B.) 
They have, however, been a good deal undermited, and large 

masses of the lime- 
stone have fallen 

Lake rrmrz^^lvS-hv— -/^^^ ' dowu iiito thc Lake, 

giving the western 
portions a very 

LunestcneatLakeWakatipu. e ^^'j^'^'' appearance 

Fig. 5.— Limestone at Lake Wakatipu ; a, river 1 nave also been in- 
alluvium; a lake terrace; 6, limestone, &c., formed that other 
(Oamaru formation) ; c, schist (Eakanui forma- outliers of this for- 
tion). 

mation exist on the north side of Afton Bum, on the west side of the 
Lake, and up the IShoti»ver in Stony Creek. Limestone boulders, 
with fossils, are also said to occur at Alexandn*, but fhe rock has 
not yet been found in situ, and I do not know whether they belong 
to this or the next formation. 




• Hector, Cat. Col. Musevm, 18/0, p. 186. 
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Blue Spur, Tuapeka. — In this locality a small patch of con- 
glomerates are fonnd 
occupying the top of 
the ridge between 
Monro's and Oabriel'a 
Gully. These con- 
^lomeratea are formed 
Oibiieiauiir. Blue Spur. MQDro's Gully. of pebbles of quartz. 
Pig. 6.— Blue Spur, Tiiapeka. green quattzite, dark 

purple jaaperoid akte, ami fragments of achist, bound together 
by a blue clayey matrix. They occupy a cup-ahaped depression 
in the schist tocka, and dip to the east ;Fig. 6.) The reasons 
that lead me to thi:ik that these conglomerates are of eocene 
age, ami therefore better arraui^ed undei the Oamaru formation than 
any other, will be better understood after the geolo^cal history of 
the Province has been discuaaed, aad they will therefore be fouad 
in Section VL I would, however, remark that if my views are 
correct, these conglomerates do not strictly belong to the Uamaru 
formation, but tu a slightly earlier period. 

Southland. — In the Southland district a patch of limestone 
belonging to this formation is found in the Waimea pkins, between 
Longridge and the Mataura. This patch does not form hills 
and cannot be distinguished in outline from the flat-topped alluvial 
terraces of the plain. Another isolated patch forms a long, narrow 
strip of low hills, running in a N.N.W. direction [torn Forest Hill, 
near Wintoii, to Centre Hush Hill, on the Oreti Kiver; and two 
other small outliers occur in the valleys of the Moonlight Ranges, 
one forming the picturesque Castle Rock, and the other a small liill 
north-east of Castle Uock. 

Another and more extensive area is fonnd on both sides of the 
Longwood Range, extending north as far as Sharp Kidge and the 
Wairaki Uowna, along the south base of which it spreads from the 
Night Cap Hill to Taylor's Creek. It also crosaes the Waiau Hiver 
and proliably covers an extensive district as far north as the Mono- 
wiu Kiver, but this country is but little known at present. Higher 
up another patch is found at Freestone Hill, near where the Waiau 
runs out from Lake ManiporL The Hayci)ck Hills, also, between 
Centre Hill and the Mararoa, belong to this formation, and other 
patches may exist round the base of the Takitimus ; but I have not 
been able to determine accurately the boundaries of the different 
tertiary formations in this district. At Urepuko, at the southern 
base of the Longwood iUn)re, another small patch is found occu- 
pying the valley of the Waiineamea. 

The rocks belonging tu the Oamaru frrmation in Southland 
are principally shelly limestone and calcareous sandstone ; but the 
Haycocks con^'iat of blue fissile marls with calcareous bands, and 
reddish yellow sandstone. Round the base of the Wiuraki Downs 



50 Geologic of Oiago* 

the rocks are sandstone, micaceous sandstone, and shales with coal ; 
and at Orepnki they are also shales \»ith coaL 

As in the northern part of the Province, the formation here 
must, when viewed on a large scale, be considered as nearly hori- 
zontal, but risiuo- slightly to the north. Local dips are, however, 
very various. Fur example, at Castle Rock it is 10® N.N.W; at 
Lime Hill, near Winton, 30' JS.E. ; at Forest Hill, and in the 
Waitnea Plains, the beds are nearly borizontal, but inclining slightly 
to the south-west ; while on the northern base of Centre Hill the 
dip is 10'' to 40*=* N.W. 

Presen'ation Inlet — On the south-west coast of the Province, 
rocks, probably belonging to this formation, extend in a narrow 
belt from Green Islets, past Windsor Point to Preservation Inlet, 
between Puysegur Point and Otago's Retreat. They also compose 
the greater part of Coal Island and Chalky Island, and are also 
found on the promontory between Preservation and Chalky Inlets. 
The rocks here are entirely sandstones and shales, with a few seams 
of cnal, except at Chalky Island, where the upper beds are grits 
and and chalk-marl. 

I could not observe the lay of the beds between Green Islets 
and Windsor Point, but at the latter place they dip 40® W., and 
going to the west a synclinal curve is seen opposite Marshall Rocks. 
(See ^ec. X.) Further to the west an anticlinal curve occurs in the 
neighbourhood of Puysegur Point. At Otago's Retreat the beds 
dip 25® West, and this direction of dip is continued without much 
variation through Coal Island and Chalky Island. 

A.S no fossils htve as yet been found in these rocks, it is doubt- 
ful whether they should be referred to the Oamaru or the Waipara 
formation, but I place them here for the present principally on 
account of the large quantity of resin found in the coal, which is 
chaiacteristic of our tertiary coals. 

Relation to underlying formation. — No well defined junction 
between this and the Waipara formation is found in Otago, but at 
both places where the Waipara formation occurs the general geo- 
logicnl structure of the country leaves n(» room for doubt as to the 
relations between the two. In the ^hag Valley, the Horse Range, 
which is the leading physical feature ol the district, is composed in 
large part of rocks belonging ti the Waipara formation (Sees. VI. 
and VIII.), which must have been deposited before the Shajj; 
Valley was eroded out, as they form the northern water-shed of that 
valley. But rocks belonging to the Oamnru formation are found 
lying horizontally in the bottom of the Shag Valley ( Sec. VI. and 
Fig. 8), which must, therefore, have been hollowed out previous to 
their deposition. A complete unconfoimity must, therefore, exist 
between the two formations here. 

Again, at Mount Hamilton, the rocks belonging to the Waipara 
ormatjon enter into the internal structure of that mountain, and 
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h ave evidently partaken in the latest disturbances on 
icale, that caused the New Zealand Alps (see Fig. i) \ while the 
rocks belringing to the Oamam formation skirt round the bases of 
these mountains, and fill np the old Tallies, indicating evidently a 
considerable unconformity betwofu the two. If alsu the Waipara 
formation formed the base of the Osmani formation, as supposed by 
Dr. Hector, we should certainly somewhere in the Province find the 
former underlying the latter. But such is not the cas", for although 
the Oamam formation la estensively developed, in Otngo it inva- 
riably, with one pos:;Ible psception at the Otepopo River, resta 
direcUy on triassic or paleozoic rocks. 

Thicknesa. —It is difficult to estimate approiimately the thick- 
ness of this formation ; but I think that between Saddle HiU and 
Forbury it canaot be less than 3,000 feet. 

J^o««j/«,— I am now acquainted with 68 species of mollusca 
from this formation, 12 of which (or 13^ p. c ) I believe to be still 
living. Of these 88 species one only, Ciicidlaa poivleroea, is as far 
as I ran judge, common to the Oamuru and Waipara formations. Dr. 
Hector ^kes a very different view to this, and holds that a largo 
number of forms are common to botli. When the collection of 
fossils taken to England by Dr. Hector are described, this point 
will be settled. The following lUt gives the names of all the fossils 
belonging to this formation that have been found in Otago : — 



t 


■ ijll 

o & |ll cS w |C 


siiiji^ 


■i 

3 


1 


MAUMkLlA 

P li octenopsia mantelli, Suj-lei/ 
Zipbins, tji. 

AVKS— 

Pslaeudyptes antarctieus, 

P..?""' 

Teeth of Carcharodon megalo- 

don, Otnen 
Teeth of Carcbarias, sp. ... 

„ Lamna, 4^3. 

Aturia, A;p. 

„ sobdum, Hatloa 

FUBUS, ijl. 

Fleurotoma hebes, Hutlon ... 


« « 

* * 

« 

4 




* 


• 



Qeologg ^ Otago. 







i 


i 


^; 


E 


t 


e 


1 




1 


1 

•3 






ll_ 


3 

^ 


1 




1 

1 


^'4 


^ 




i 
1 


1-1 

1 


3 


1 


Voluta pscifiea Lam Tar p 






• 






















.1 .1 Tar y 


» 


> 




« 


• 


















., corruijatft, Huttoii 
























* 




TolTarin ficoiJfB, ^«»o/. 




























Katica OTnta, UuHon 




























Sealaria browni, ZicM 




























lyrata, ZitCel 


1 « 


























Stnilhiokria scoex, Bullan. 






• 




• 


















Turritella eiEantca, Hutton 






• 




* 


















Crypta striata, Mutton 




























Parmophonia angaig, L. ... 




























PanopKa plicala, Hutton ... 
























• 




„ wortliinstoni,,^u«o» 
























• 




Fholadomyn, »^. ... 


tt 


























Tellina alba, Q«u« (?) 
















• 












Unioinflala.J/«f(oH 






















• 






Pinna dislaus. JfH»D» 




























CucnUtea ponderosa, Htitton 
























• 




Hortliingloni, Hut. 


• 






















• 




alta. Sow 


* 










• 












* 


• 


attMiUBia, Hutloa 










• 














« 




Fectunculua latit-ostatus. 




























^uus 






# 




• 
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„ concentrica, lluttuit ... • 




., triaDRulare. ff««.» ... » 
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„ sinuota, Hutton ... * 




„ gravida, Saeaa ... * 




Terebratellu gauiteri, Morrii * • 




EhyncLoneJIaJaqiiamosa, ^«(. " 




ToLTZOi— 




Eschara,*;. • 




Cereopora ototara, Mantell... • 




,. up. ... ... * 




Maitoti, «ji. ... ... * 




ClBHlPEDlA — 




PolHcipeK, SB. ... .,, • 




EsTOMOSTfiACA- 




Bairdia Bnbdeltoidea, MUnst * 




Csihereuiaterru-pta, Bosquet * 




„ gibba, jB.so.Br ... * 




„ galtina,JonM ... * 




ECBIKOSBSMATA- 




Cidaris, up. ... ... * 




.. ^ * 
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Nndecilites papilloBUS, Zitl * 
Hemipalafius fonnosm, Zilt * 
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BrieaiopBis alta, Button ... * 




Meoraa crawfordi, Hatton ... • * 
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Sbizasterrofundatus, 2<« ... * 

POBAMINIFEBA 




Bosalina IfflTifiata, _BAr ... • 




„ becarii, G. ... • 




loraeiana, D'0--6 ... • 




Textularia elongala ... « 




globosu, i'^j- ... » 




acciculata, Wir... * 




»p. ... * 




GlobeRirina, sp. ... ... * 

Hodo6arialiinWa,D-Or6,.. * 






CristeUariarotulat«,Zam.... * 




Denlalina, «p. ... * 




PolTmorphina, *p. * 

Buliniiiia, 2 or 3 yieciea .♦. * * 
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B|BicIes the foregoing leaves of dicotyledonous plants, and 
ferns aite found in the sandstones up Linton Creek^ and leaves are 
also found at Morley Creek, and Graen Island. 

Age,— In 1850, Dr Mantell, Professor Morris, and Professor 
Rupert Jones, considered the Ototara limestone, from the few 
fossils sent to England by the Hon. W. Mantell, to be either eocene 
or upper cretaceous. In 1 864, Dr. Hector referred it with doubt 
to the miocene period.* In 1865, Dr. Zittel and Dr. Stache, after 
examining the fossils taken to Europe by Professor von Hochstetter, 
considered these rocks in the North Island as oligocene, or upper 
eocene.t In 1866, Dr. Hector seems to have altered his views as 
he then classed the rocks of Oamaru, Waireka, and Caversham, as 
tipper pliocene (?) ; those of the Waitaki and Lake Wakatipu, as 
older pliocene ; and those of Green Island only as miocencj: Id 
1870, however, in his catalogue of the Colonial Museum, he con- 
sidered the Oamaru rocks to be older tertiary ; and those of Wai- 
taki, Caversham, Tokomairiro, and Wakatipu, as middle tertiary 
and in 1871, he placed the Oamaru beds as the upper member of 
his "cretaceo tertiary" formation. § In 1872, in my " Synopsis of 
the younger formations of New Zealand," I considered the Waitaki 
and Wakatipu rocks to be lower oligocene, and those of Oamaru, 
Caversham, W inton, &c,, to be upper eocene ; and in my catalogue 
of the tertiary mollusca, in the Colonial Museum (1873), I aban- 
doned the term oligocene, in deference to the wishes of Dr. Hector, 
and called them all upper eocene. Whether they ouj^ht to be 
called upper eocene V)r lower miocene is doubtful. I think the 
latter, because among the fossils are teeth of CarcJiarodon megalodon ; 
a shark characteristic of the miocene rocks of Europe, and the 
species of shark are generally widely spread. Dentalium giganteum 
and Cticullcea alta || are also f'ound in rocksof supposed miocene age in 
Chile. On the other hand the species of Aturia^ closely resembles 
A. zic-zac from the eocene rocks of Europe, but A, australis occurs 
in beds at Schnapper Point, in Victoria, which Professor McCoy 
considers to be oligocene or lower miocene, and which are probably 
the equivalents of our 0^ma^u formation. 

Contemporaneous Eruptive Bocks. — No eruptive rocks are 
found associated with the older or Ototara group of strata, although 
it is possible that the earlier eruptions in the Port Chalmers district 
may have been contemporaneous with it. But at Oamaru Heads 
we have clear evidence that during the deposition of the upper or 
Trelissic group of beds volcanic action was goings on. 

* Quarterly Journal Q-eological Society, 1865, p. 128. 

+ Beise der Novara, Geologischer Theil I., Band II., Abtheilung. Wien, 1865. 

J New Zealand Exhibition Jurors Beports and Awards, 1866. p. 263. 

§ Transaction, New Zealand Instiuute, IV., p. 345. 
II Approaches C. auriculifera Lam., from the Mauritius, but distinct. 
IT Probably the same as .4. Australis McCoy (Ann. Nat. Hist 3pd series, 20 
p. 192), which does not appear to havAeen described. 
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Oamaru. — We see here an anticlinal curve formed by basalts, 
and basaltic tuffs and breccias (fig. 7), interstratified with sand- 




b, c, <f. e. d. e, d. 

Fig. 7. — Oamaru Cape : a. Pleistocene silt ; J, Pareora formation ; c, 
limestone; d, volcanic rocks ; e, soft sandstone (Oamaru formation). 

stone (e.) and covered by limestone (<?.), all belonging to the 
Oamaru formation. These volcanic ash beds often contain frag- 
ments of limestone, which have been generally altered by heat into 
a very fine grained lithographic limestone, but occasionally the fossils 
are still visible in them, shewin*^ that they also belong to the 
Oamaru formation. These beds also often contain fragments oi 
t^achylite, or vitreous basalt, and they are cemented .toger her by a 
calcareous cement, sometimes containing fossils, which shews that 
limestone was being formed in the sea dr.ri ng the time that sub- 
marine volcanic action was going on. These ash beds, therefore, 
must have been originally deposited in a horizontal position. A.t 
the southern end of the cape, beds belon<^ing to the Pareora forma- 
tio (6.) overlie those belonging to the Oamaru formation quite con- 
formably, and it is, therefore, evident that the folding of the rocks 
which caused the anticlinal curve at (Oamaru Cape, took place lung 
after volcanic ener;j:y had ceased to exist in the neighbourhood. 

Danedin. — The neighbourhood of Danedin, as far north as 
Blueskin Bay, is the most interesting volcanic district in Otago. 
The main mass of the hills between Port Chalmers and Blueskin is 
composed of trachyte tuff and breccia, intersected with dykes of 
basalt and phonolite. The peninsula on the eastern sid^^ of the 
harbour is very complicated in structure, basalts and trachytes be- 
ing mixed in the most confusing manner ; while apparently under- 
lying both there is at Portobello an extensive development of a 
rather coarse textured propylite, composed of greyish green felspar 
with crystals of hornblende, and other allied rocks. The trachytes 
and basalts in the southern part of the peninsula overlie sandstones 
and limestones of tertiary age, as has been already mentioned. The 
relation of the propylites to the sedimentary rocks is not very clear, 
but I am disposed to think that they underlie them. This, how- 
ever, would not nec3ssarily imply that the propylites are older than 
the sedimentary rocks, for the coarse crystalline texture of the former 
shews that tbey are true eruptive rocks. This, however, is a 
question that must be left for the present unsettled. 

All round this centre of more or less trachytic rocks, from 
Tairoa Head, Cape Saunders, Tomahawk Bay to Jb^orbury, and 
from there, through Dunedin to Flagstaff and Swampy Hill, and 
on to Blueskin Bay and Purehurehu; ruus a band of basalts. 
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And otber outlying patcbes of basalt are found at Stoney Hill, 
Saddle Hill, East Taieri, and Nortb Taieri. Tbe soutbem limits 
of tbe tracbyte appears to be Anderson's Bay on tbe east, and 
Pine Hill on tbe west, botb of wbich are traehytic. Bell Hill in 
* Dunedin is composed of pbonolite, a rock intermediate between 
tracbyte and basalt. Interstratified among tbe volcanic rocks 
are small seams of coal, but it is bigbly improbable tbat any of 
them can bave sufficient extent or tbickness to enable tbem to be 
profitably worked. 

Tbe general structure of tbis volcanic district has a consider- 
able analogy to tbat of tbe Thames goldfields, but it is on a much 
smaller scale. The propylites of Portobello resemble in mineral 
character those of the Thames, but they are more coarsely 
crystalliiio than the larger portion of the rocks at the Thames, 
^t the latter place also, the outskirting basalts, although not 
altogether absent, are much more feebly developed than in tbe 
Dunedin dislrict, where the propylites take a quite subordinate 
place. These differences, in my opinion, show that the conditions 
nave not been so favourable for the production of metalliferous 
veins in the Portobello d-strict as a^" the Thames; still, tbe 
resemblance is sufficiently close to warrant the hope that auri* 
ferous vqms may be found here also. 

It is probaf)le that these propylites underlie, at a consider- 
able depth, the basalts of Dunedin, for fragments of a very 
similar rock are occasionally found embedded in the basaltic lava 
streams, and appear to have been brought up by them from 
below. The Dunedin basalts also contain several zeolitic minerals 
as well as aragonite and quartz. 

Norlh of Blueshin. — Basalts, probably belonging to this 
formation, are found at Waikouaiti, and capping several hills in 
the neighbourhood of Palmerston, such as Puketapu, Mount 
Eoyal, Janet Peak, Smylers Peak, &c. On the north side of tbe 
Horse Bange, they occur at South Peak, lying on rocks belonging 
to the Waipara formation ; and Mount Charles, at Otepopo, is 
almost entirely composed of a coarse grained dolerite. 

At the Maruawhenua there are two patches, and several 
more in the upper Shag Yalley, where they rest either on rocks 
of the Oamaru formation (Fig. 8. ^.) or on the schists. 

On the eastern side of the Maniototo Plain they are exten- 
sively developed, from the Hound Burn to Taieri Lake, and also 
at Hamilton, and between the Sow Burn and Pig Burn ; in all 
these cases lying apparently directly on the schists Lower down 
the Taieri they are found at the Mare Burn and Scrub Burn, 
near Hyde (see Sec. III.), also lying on schist. 

Souih of Dunedin. — They are found at Otokaia, and on both 
sides as well as at tbe head of Waihola Lake. A basalt dyke 
also crosses the northern base of Mount Misery (see Sec. VII). 
I know of no other basalts in the Province except at Mount 
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Pleasant, on the east of the iCiongwood Bange, and another patch 
of dolentes and basalt at the north-east corner of the Longwoods. 
Basalt boulders, however, occur on the hills at Bendigo, near the 
junction of the Lindis with the Clutha ; and basalt scoria has 
been picked up on the shores of Lake Te Anau, so that probably 
there are other localities where basalt rocks occur, "in situ" in 
the centre of the Province, which have not yet been found. 

Nomenclature. — The name of Ototara limestone was applied 
by the Hon. W. Mantell in 1850 to the Oamaru building stone, 
and this name I adopted in 1872 for the whole formation, but in 
1873 I divided the formation into two groups, naming them 
Ototara and Trelissio. respectively, and calling the whole by the 
name of the Oamaru formation. It includes both the Aotea and 
Papakura series of my former papers on the geology of some 
parts of the North Island. 

Pabeora Fobmation. 
Distribution, — This formation is found in the Oamaru district, 
skirting the seaward side of the low hills between Oamaru and the 
Waitaki plains, and south of Oamaru to beyond the mouth of the 
Awamoa. Judging also from a few fossils that I received from the 
Waitaki, near Otakaik, I suspect that an outlier exists there also, 
but I have not seen it. South of the Kakanui Kiver it extends to 
the Otepopo River, and runs north between the Oamaru and Kaka- 
nui formations to the Waireka. South of the Otepopo River it 
extends through Hampden to Moeraki and Kartiki Beach. Up the 
Shag River it is found as far as Coal Creek, and it forms the whole 
of the coast from the mouth of the Shag River to Waikouaiti 
Harbour. In the southern part of the Province it is found on the 
sea coast between the Tokomairiro and Clutha Rivers, at Wangaloa 
or Measly Beach (Sec VIL, d.) It hIso occurs in the bed of the 
Pomahaka below Tapan^i, and rises to an elevation of 11 80 feet in 
the Conical Hills. Near Riverton it is again found in the bed of 
the Pourakino Stream, which flows out of the Long wood Range. 
In the interior it is extensively developed on the east side of Lake 
Te Anau from the Eglinton to the WLitestone River, and Mount 
Prospect ; but the boundary between this and the young'^r lacrustine 
beds are here not easy to make out without a closer examination 
than I had time to give to the district. There are also in the 
museum two fragments of rock enclosing marine fossils belonging 
to this formation, which are labelled as coming from the Carrick 
Ranges, but I do not know whether they were ob*^ained in situ or 
only from boulders. 

Rocks, — This formation generally consists of blue sandy clay, 
often with calcareous concretions, which between Moeraki and 
Hampden assume the form of true septaria, and have sometimes on 
their exterior surface fine examples of that peculiar form of crys- 
tallation known as *' cone-in-cone structure." Between the Shag 



68 



Geology of Otago. 



Biver and Waikouaiti bands of hard calcareous sandstone are inter- 
stratified with it, and at Wangaloa the rocks consists almost entirely 
of sandstones. In the Pomahaka district the upper beds, which 
form the Conical Hills, nre composed of a white sharp quartz grit 
containing beautiful impressions of leaves of dicotyledonous plants, 
which have not yet been described. Inferior brown coal is also 
fonnd in the Shag Valley and Pomahaka. 

Position of Strata.— This formation is usually nearly 
horizontal in Otago, but on the south side of Oamaru Cape a blue 
clay belonging to it is seen lying on the Oamaru beds, and dipping 
conformably with them at an angle of 37^ S.W. (Fig. 7, 6.), but 
they soon get horizontal. 

Relation to Underlying Formation. — As the Ahuriri forma- 
tion, whicL should come in between this and the Oamaru formation^ 
is absent in the Province,* the just mentioned conformity can be 
only apparent, and this is plainly seen in the Kakanui district, and 
also at the Shag River, where it warps round the bases of Mount 
Iloyal, Puketapu, and Janet Peak, all of which are composed^ 
rocks belonging to the Oamaru formation, the beds of both series 
beino: horizontal. Up the valley the same thing can be observed, 
i.e., the newer beds lying at lower levels than the older ones, while 
both are horizontal. A good example can be seen at Coal Creek, 
across which the annexed section (Fig. 8) shows the Oamaru series. 
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Fig. 8. — Coal Creek, Shag Valley : a. River alluvium ; b, older river 
gravels ; c, sand with concretions ; d, shale with lignite (Pareora forma- 
tion) ; e, green sandstone ; /, limestone (Oamaru formation) ; y, basalt ; 
h, schist (Kakanui formation). 

(e^fy g), which once filled the Shag Valley, denuded away by Coal 
Creek, and beds of the Pareora formation (c,d, ) deposited in the 
hollow. 

Thichi€88, — I have not been able to estimate the thickness of 
these rocks. 

Fossils. — I am acquainted with 154 species of mollusca from 
this formation, 58 of which, or 37J per cent., I consider to be 
identical with still living forms. The following list gives the names 
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of all the fossils belonging to this formatioii that have lieen found 
in Otago. Ttie species of Mitra, Fcaciolaria, and Conat are all small, 
nhile the scarcitj' of the large species of CucuUcea, so common in 
Otago during the Oamara fonnation, and commim in the northern 
parts of New Zealand during the Pareora formation, is remarkable, 
and points probably to a decrease In the temperature of the sea. 
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irregularis, Sutton 
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„ conicum, Bulfoii 
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liBvis. Hattoii ... 
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PnsuB australis, Quov 
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„ mandarinus, I>uci(M ... ' ... 


















„ plicAtilis, ITtiftuii 
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Pleurotoma buchanuni, JTuUoii 
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„ awamoaensia. Button. 
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Bflla striata, fli[«o« 
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Triton spengleri, CAe«i» 
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Ancillaria hebera, ffuWoff ,,, 
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Voluta pauiflca, Lam var -y 
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„ flubplicatn, ffa«on ,,. 
Mitra apicalia, fl"«o(i 
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MoLLrscA — 

Stnithiolariacincta.ir'iHon, TM-T 
„ tuberculata, Sutton 

„ $p. 

Cerithium niRHlum, IlvUon 

„ cancellalum, Sutton 
HissoB Tann, Sulton 
Turritclk rosea, Qiioif 

„ TJIfata, Sutton ... 
„ f^naalea, Sutton 
„ tricincta, Sutton, m P 
„ biciDCta, Sultoit 
„ ip. 

orData, JTuSion ... 
mciiyiioptionis, Born 
_ ..._, ^ __ ._a nincii'.Bia, Q,aoy 
Crypta incurva, Zittel 

„ profunda, fluWoii ... 
„ confnrta. Quo.v ... 
„ unjtiformis, Lam. ... 
Trochu5 stoliczltai, Zt«ei ... 
' EmaTRinula strintiila, Quoy 
Cjlidioa BtHato, irK«u« ... 
SasicaTB arctica, L. 
Corbultt diiliifl, Ifa^o" 
Zenatia aoinaces, Qu* .. 
Taammobia slanBen, Gray... 
affinis, Eeet-e ... 
Telliua alba, Quoj/ 
ChioDe stuchburyi, Gray ... 
„ vellicala, Svtlon ... 
„ accuninata, Hutttm 

Calliata disrupta, Dutk 
Dosinea subrosta, Gi'oj 

II gray"' Zi'/fl 
Tapes iuterniedia, Qwoy 
Vpneiicnrdia inlerniedm, . 
liicinadiTitricata IJ 
Mysja zenlandipB, Oray 
Crassatella trailli, Hutlon ... 
Trigonia peclioala {?). Lam... 

,. aemiuadulata, M'Coy 
CncoJltes, ip. 
Pectunculus latico3tatu8, Qtwy 

„ globOBUS, Sutton 



1, Kutton 
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Mollusc*— 

Nucula nilidula, ^rfam* ... 
Boknelk auatruliM. Z;(?e^ ... 
Hinnites trailli, ffK(fD« ... 
Pecten lioulistetleri, Zitlel ... 
Lima coiorata, .ffH«o» 
Bbachiopoda — 
BlijLciionella nigricans. Sow 

POLIZOA 

Pustulipora zealandica, Maotef 

EcHIMODBHMiTA 

Araclmoides plftponte, Z. .., 

conica, Hutloit 
Sctizastcr rotnndatus, ZUtel 

ACTINOZOi — 

Turbioolia, »y. 

Coscinodiseus, »ji, 
Actinocljclu-J, *^. 


* 

• 
* 

» 

• 
* 
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* 
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* 
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In addition to the above, beautiful caaU in sandstone of 
dicotyledonous leaves are found at the Gouical Hills near Tupanui. 

Age. — The Moeraki, or Hampden clay was considered by Dr. 
Mantell and Professor Morris in 1850 to be DieistocenS. In 1866 
Dr. Hector called the Pomab>ika series miocenl, and the Moeraki clay 
eocene. In 1870, Mr. C. Traill sUted Bis conviction that the 
Awamoa beds were not younger than miocene. In 1672, 1 referred 
the Awamoa beds to the u|iper miocene, and those at 'I'e Anau 
Lake to the upj^er oligoceno ; and in 1873, I referrel the rocks at 
Awamoa, Hampden, Pomahaka, and Waitaki to the upper miocene, 
and the Te Ajihu beds doubtfully to the lower miocene. I now 
consider them all to be the upper miocene. 

Contemporaneous Eruptive Rocki. — The basaltic rocks at 
Moeraki are clearly seen to overlie the blue clay of Hainpdeu, and 
must therefore be younger 
than it. Consequently, * " >, 
there have been two dis- ft''\^ 
tinct periods of volcanic ''^^^' 
activiry in tertiary times 
Fig. 9. — Morraki roads ; a, pleistoccuc Eilt ; I, basnlt ; c, blue clay (Paraorn 
formation) . 
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in Otago ; and it is quite possible that some of the basalts that 
I have enumerated under the Oamaru formation may properly 
belong here, but the proof of their age in most cases will be difficult. 
Nomenclature, — The name of Pareora series was first applied 
by Dr. von Haast to some rocks in the south of Canterbury. I 
have not been able to fitid where this name was first published, and I 
have never exaniined the rocks myself, but took the name from Dr. 
Hector's catalogue of the Colonial Museum* 

Ancient Glacier Deposits. • 

I have elsewheret given my reasons for supposing that the 
greatest extension uf our ancient glaciers took place during the in- 
terval between the Pareora and Wanganui formations, and in the next 
two sections I shall bring forward the additional evidence bearing 
on the question that I have collected during my survey of Otago. 
Of course as glaciers still exist in our mountains, our glacier 
deposits must range in age from the most ancient period of their 
greatest extension up to the present time, and in this place I only 
propose to describe the more ancient deposits. 

Ihis, however, is easily done, for, with the exception of the 
Blue Spur already descrihed, I as yet only know of two morainic 
deposits in the whole Province that I am inclined to refer to this 
period. The first of these is the immense accumulation of clay and 
angular blocks of schist of all sizes that is found on the eastern side 
of the Taieri Plain, extending from the Taieri River nearly to 
Otokaia, a distance of about three miles. This deposit is a con- 
fused mass of quite angular fragments of schist, some of them of 
large size and composed of mica schist with quartz laminae, which 
must have come either from the neighbourhood of ( )utram, or down 
the Waipori River. TJiey could not have come from Brighton, on 
Ae sea coast, as many of the blocks are considerably above the 
highest level of the mica schists there, and there is no conceivable 
agency by which they could have been brought from there. Con- 
•V' sequently, although I could find no trace of stria? upon them, I 

la have very little doubt but that they were placed in their pnesent 

- position by a glacier descending from the Lower Taieri and the 

Waipori River. 

Internally this deposit shows no signs of stratification, and is 
quite morainic in character, but externally it forms low rounded 
hills betv/een 400 and 500 feet hij^h that cannot be distinguished 
in outline from ordinary clay hills. The deposit is situated nearly 
opposite the place where the Waipori debouches, through a gorge, 
on the Taieri Plain, audit extends over to the sea coast; but on 
the seaward side it is covered by water-worn gravels nearly to the 
top. 

^ * Page 186. 

f ftansactions New ZeaEind Institute, V. p. 384. 
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The second old morainic deposit is the high terrace-like hill 
between the Hedbank Creek and Black Mount. This hill contains 
large angular blocks of gneiss, intermingled with water-worn peb- 
bles, and as none of these angular blocks are found below Black 
Mount, I suppose that this hill represents the terminal moraine of the 
great Waiau glacier. But the hill han quite lost the shape of a 
moraine. The top is flat and level, the slopes and minor vallies are 
quite regular, and the angular blocks are mixed up' with numerous 
rounded pebbles. 

The fonner great extension of the New Zealand glaciers was 
first pointed out by Dr. von Haost, in 1862,* and%e attributed 
it to the effect of the glacial epoch, when the land was considerably 
lower than at present. In November, 1863, Dr. Hector, in his 
narrative of his geological expedition to the west coast of Otago, 
said that he thought that an elevation of tbe land equal to 2000 
feet, combined with the greater extent of high land then existing 
but since removed " by the eroding action of the descending ice," 
would be almost sufficient to extend the glaciers to their ancient 
limits.t 

In 1864 Dr. von Haast published his report on the formation 
of the Canterbury plains, in which he abandoned his former theory, 
and adopted that of Dr. Hector ; but he laid the chief stress on the 
supposition that when the land emerged from the sea '* the physical 
feature was a high mountain chain, plateau like, but with depres- 
sions ♦•xisting before the tertiary sul)mergerice, but now partly 
obliterated, running generally either on the junction of two for- 
mations, on the lines ot faults, or on the breaks of bold anticlinal 
curves. "J 

In 1870, Mr. L. O. Beal considered that nearly the whole of 
Otago had been covered by an ice sheet, and attributed it to the 
cold of th»» glacial epoch. || In 1872 I gave souje reasons for think- 
ing that the former extension of our glaciers was entirely due to 
greater elevation. § In 1873 no less than three papers were read 
before different scientific bocieties in New Zealand on this subject, 
two of which, by Mr. A D. Dobson,ir and Mr. W. T. L. Travers,| 
advocated the theory of the former elevation of the land being the 

* Notes on the Geology of tbo Province of Canterbury. Canterbury Pro- 
yincial Government Gazette j 24th October, 1862. 

1 1. c. page 462. 
X On this point see also Dr. Haast's " note on the climate of the 
pleistocene ep« >ch of New Zealand. Quarterly Journal Geological Society, 
1865, p. 135. 

II On the alluvial deposits of the Otago Gold Fields. Transactions 
New Zealand Institute, lU. p. 270. 

§ Ibid V. p. 385. 
^ Notes on the glacial period. Transactions New Zealand Institute, 
VI. p. 294. 

$ On the extinct glaciers of the Middle Island, ib. p. 297. 
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cause ; and the other, by Mr. J. T. Thomson, advocated the theory* 
that Otago was formerly covered by ice that descended into the sea, 
which was caused by a much colder temperature than now exists in 
New Zealand. 

In 1874, Mr. W. T. L. Travers, in another paper on th« sub- 
jectf brought forward conclusive proof (that New Zealand had never 
been covered by an ice sheet, as supposed by Messrs. Beal and 
Thomson, and in May, 1875, I read a paper to the Otago Institute 
in which I shewed by the distribution of. the pleistocene and plio- 
cene fossils that the climate of New Zealand had never been suffi- 
ciently reducdt to account for the former extension of our glaciers ; 
and that probably it was not in either pliocene or pleistocene times 
colder than it is now. 

Wangaxui Formation. 

No marine beds of this age are found in Otago, but probably 
some of the lacrustine series in the interior belong to this period. 
There are, ho*vever, considerable difficulties in classifying all our 
rocks and alluvial deposits that are of post-mioceue age, as they 
form two connected series very complicated in their relations to one 
another, and it will require an immense amount of close observa- 
tion, before each deposit can be put into its proper place. 

For the present, I think it best to consider this formation in 
Otago to be confined to the old lake basins in the interior, forming 
the Maniototc Plains, Idaburn Valley, Manuherikia Valley, the low 
land lyirjg between Cromwell and the Carrick Mountains, portions 
of the Ohau plain, Cardrona Valley, the basin at Gipps-town, the 
low land between Lake Hayes and Arrowtown, the Waipori basin, 
the margins of the 1 aieri Plain and Wnihola Lake, the Tokomai- 
riro Plains, and the low hills between them and Kaitangata Lake ; 
and a ronsideable, but undefined, area in the Mararoa and the left 
bank of the Waiau, as far as Black Mount. 

These deposits present considerable similarity in the different 
areas. The lowest bed in the interior basins appears, whenever it 
has been penetrated, to be fine compact clay ; while round the mar- 
gins of the basins the beds are cements and gravels, soft sandstone 
and sands, and clays and shales often associated wich seams of 
lignite ; the beds always dipping from the hills towards the interior 
of the basin. 



* On the glacial action and terrace formation of South New Zealand 
ib. p. 309. 

tTrans. N. Z. Institute, VH, p. 409. 
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At Hamilton, on the south-east side of 
the Maniototo plain, fine grey and purpla 
clays, lying on soft sandstone, are seen dip- 
ping 62° N., (Fig 10,) the whole being 
covered, naconformably, by pleiatocene auti- 
b { i e a ferous gravela. 

Fig. 10. — LacruBtine depoaita, Hamilton. 
a. pleiBtoceae gravels 
A. greyolfty f 

c. purple clay tWangaauilorraation. 
,'rf. Boft Bondstone^ <, 

At St. Bathans, near 
the bead of the Mann- 
herikia Valley, quartz 
gravels with shales and 
lignite, dip at varying 
angles, sometimea reach- 
ing 35" S.W. These 
Fig. 11.— Lacruatine deposits, St. Batbana. re&t on decomposed 
?• S?T**^ ^^.^\ schist, dipping 45= N.E., 

e. Gravels j "S"B^"''<*""ation. and are covered uncon- 

d. SclkiBt (Kakanui formation). formably, by pleistocene 

quartz gravels, dipping 20° S. W., (Fig. 1 1), In this case, both the 
pleistocene gravels and the older ones belonging to the Wangaoui 
formation, contain gold. 

In the bed of the Kawarau at Cromwell, sands and shales with 
lignite dip to the N.W. (fig. 12), while further to the south, in the 





Tig. 12. Lacrustine deposits, Cromwell:— ». Sand; b. Gravel (Pleislo- 
eene). c. Shale ; d. Curbonaoeoui eand ; e. Lignite ; /. Soft eandstoue 
(Wauganiu formation), g. Angular hlouka of acbiat in gravel. 

iJannockbum, soft sandstone and shales, with lignite, dip gently to 
the east, away froin an isolated patch of schists, which stands out 
in the middle of the basin, and through which the Kawarau runs. 
On the north-western side of this hill, where the road goes after 
crossing the bridge, shales with leaves, probably belonging to this 
formation, dip 35" N.N.'W. • 

Age. — Dr. Hector, who ia the only geolt^t who has previously 
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written about these beds, refers them to the miocene period, con- 
sidering them therefore to be anterior in date to the glacier period ; 
but if my views are correct as to the glacier origin of the lakes, 
and also as to the date of the great glacier period, they must be of 
newer pliocene age. Dr. Hector also, in his section through Otago, 
published in the Quarterly Journal of the Geological Society, 1864, 
shews basalts breaking through and overlj^g lacrustine formations 
at Tuapeka and the Upper Taieri (Maniototo) plains ; and in the 
section through the Manuherikia Valley that he sent to Professor 
Owen, which Was published in the Trans. Zool. Society, V, he shews 
a " felspathic dyke " cutting through " older river gravels," or 
" older gold drift," of which the upper beds are " cemented with 
quartz." If these should be correct, they would considerably alter 
my views as to the age of the lacrustine beds, for we have no evidence 
of pleistocene volcanoes in Otago. I do not know the eruptive 
rocks mentioned by Dr. Hector at Tuapeka and the Manuherikia, 
but in the Maniototo Plains the lacrustine beds appear to me always 
to overlie the basalts. 

The reasons that have induced me to refer these lacrustine de- 
posits to the Wanganui formation will be given in the next section 
(Glacier 'period). 

Fossils. — The only fossil as yet described from these beds is 
Unio ,aucklandica (?) from Clyde, but impressions of the same 
.shell have been found in the Maniototo Plains and Millar's Flat. 
Leaves also occur at Cromwell, and a deposit of diatomaceous earth 
occurs in Strath Taieri. This deposit is chiefly made up of three 
or four minute species of Cywhella or Cocconema, and although I 
have not been able to determine any of them, I have no doubt but 
that they are freshwater species. 

h\ the Cardrona Valley, the lignite beds, according to Mr. 
Wright, are perpendicular, and interstratified with yellow clay and 
green sandstone. Where the Cardrona joins the Clutha, high cliffs 
are exposed of yellow clay capped with silt and rolled stones. The 
top of these cliffs appears to me to be higher than the moraine at 
the south end of Wanaka Lake. (Fig. 14, b, c.) 

In the Upper Waiau Valley, the rocks iu Redbank Creek are 
gravels and 3ands with semicarbonised wood. These gravels are 
irregularly stratified like river gravels, but they are highly inclined, 
and, indeed, in one place nearly vertical. The pebbles consist of 
sandstone, jasperoid slate, quartz, and conglomerate ; I saw none of 
eruptive rocks nor of gneiss. They are smaller than the stones now 
brought down by the creeek, which would shew that the velocity of 
the creek was less, and that it probably fell into still water. These 
gravel beds are overlaid unconformably by younger gravels, the 
stones in which, like the cre^ bed at the present day, are composed 
chiefly of diorite, gneiss, ana a conglomerate formed of small peb- 
bles of jasperoid slate. 
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Pleistocene Deposits. 

Newer Glacier Deposits, Sfc. 

West Coast Sounds. — Tip tlie Cleddau Eiver Dr. Hector 
describes several moraines, and no doubt thej exist in all the 
valleys running into the mountains, as they also do on the 
eastern side of the range. Dr. Hector also says that in the 
Waipero Cove, Crooked Arm, he made a careful survey "in 
order to obtain its exact form both above and below water, in 
order to test the theory of the glaicier formation of these valleys. 
The average depth of water is 90 to 100 fathoms, to which depth 
the rocky sides of the valley descend at an angle of 35®, where 
there is a level mud bottom from side to side, which slopes 
gradually towards the main body of the Sound. The bank which 
bars aftross the valley, and forms the head of the bay, is a true 
moraine, its upper part consisting of angular blocks of rock of 
every variety found in the mountain, but in front this moraine is 
marked by a bank which has been formed of the finer materials 
brought down by the streams, and shot into deep water." * I 
may here remark that all the Sounds are much shallower at their 
mouths than inside — (see ante p. 5), but we cannot infer from this 
that that they all have submarine moraines across their mouths, 
for the shallowness may possibly be caused by ancient bars 
formed when the land was at a higher level. The islands 
in the Sounds are not ** moutonnees," and although some of 
the smaller ones are rounded, they show no sign of a lee 
and strike side. The precipices on either side ot the Sounds 
are also in general quite rough, and I only noticed two 
localities (both previously observed by Dr. Hector), where there 
was any appearance of polishing. One was in Milford Sound, 
on the south side of the entrance to the Narrows, where the 
rocks have decidedly the appearance of having been polished by 
ice, but I could not examine them closely. The other locality is 
near Deas Cove, in Thompson's Sound, but here the evidence is 
much more doubtful, although I am of opinion that it shows 
ice action. I saw no grooves nor stria) anywhere, but Dr. Hec- 
tor says that in Thompson's Sound " the rock is a granitic gneiss, 
the hard surface of which has faithfully preserved the grooves 
and polished surfaces caused by ancient glaciers." — (1. c. p 458) ; 
and of the Cleddau Valley, he says that " the rock at the sides, 
where it forms steeply inclined slopes, is grooved and scattered 
like those of the Sounds." — (1. c, p. 461). Also speaking of 
Milford Sound itself he says " the lateral valleys join the main 
one at various elevations, but are all sharply cut off by the pre- 
cipitous wall of the Sound, the erosion of which was no doubt 
continued by a great central glacier long after the subordinate 

♦Geological Explorations of the "West Cowl, -9. ^^* 
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and tributary glaciers had ceased to exist. The precipices 
exhibit the marks of ice action with great distinctness, and 
descend quite abruptly to a depth of 800 to 1200 feet below the 
water level." — (1. c, p 460.) But the strongest evidence in 
favor of glaciers having once occupied the Sounds is found in the 
large granite boulders that occur along the shore at the entrance 
to Preservation Inlet, which must have been brought by ice for 
some distance down the Sound. Near the entrance all these 
boulders have been more or less lounded by the action of the 
sea, but higher up, in Kisbeo Bay, which is situated in slates, 
there are two large angular granite erratics, the larger of which is 
15 or 20 feet hi^h. 

Waiau Valley. — The low land on the eastern sides of the 
Te Anau and Manipori Lakes, and across the Mararoa River, as 
far as the base of the Takitimus, is strewed with fragmepts of 
gneiss, greenstone, and other eruptive rocks, which must have 
come from the western side of the lakes, and have thus crossed a 
deep valley. All the smaller pebbles are rounded, but the larger 
blocks are angular. I saw no moraines either at Manipori or Te 
Anau Lake, except perhaps some low irregular hills covered with 
bush at the bend of the Waiau Eiver into the Manipori Lake. 
These angular blocks extend down the Waiau to the hill between 
Hed Bank Creek and Black Mount, but I saw none further 
down. I therefore suppose that this hill is the terminal moraine 
of the ancient Waiau glacier. 

Wakatii^u Vallcj/. — Besides the numerous terminal moraines 
in the vail ies of the jRees, Dart, Ronte-burn, &c., and in most 
of the vallevs between Lakes Ohau and Te Anau, lateral moraines 
are found on both sides of Lake Wakatipu. That on the eastern 
side contains many angular and rounded boulders of sandstone 
and greenstone tuff that must have come down either the Dart 
or the Greenstone, and must therefore have crossed the Lake. 
This lateral moraine forms the false bottom of the miners, and is 
covered by auriferous gravels containing boulders of schist only. 
At Kingston a large and well-marked moraine is seen crossing the 
valley, the blocks in it being schist, sandstone, and greenstone 
tuff. The valley between Kingston and* the Mataura is also 
covered with angular stones, but I saw no evidence of the 
glacier having ever extended down below Athol. The most 
noticeable feature in connection with the Kingston moraine is 
that the southerner lower side of it is not abrupt, as is ordinarily 
the case, but slopes gently away to the Mataura, and, losing 
gradually its morainic character, it passes into the alluvium of 
the Mataura as if both were of the same age. 

Clutha Valley, — Both Lake Wanaka and Lake Hawea are 

bounded at their southern ends by moraines ; but both of these 

loraines; especially that of Wanaka, are much worn, and slope 
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gradually away into the alluvial plains. This latter feature is 




Lake. Moraine. Hawea River. 

Pig. 13. — Terminal moraine of Lake Hawea. 

not 80 much marksd in the Hawea moraine (fig. 13), as in that of 

"Wanaka, (fig. 14.) Indeed the latter is so much worn, and so 



Pembroke. Cardrona River. 

Pig". 14. — Terminal moraine of Lake Wanaka : 2, gravel and silt ; J, 
grey silt ; c, yellow clay, ( Wanganui formation.) 
■covered with silt at the surface, that if it were not for its crescent 
shape, the irregularity of its surface, and the occasional occur- 
rence of large angular boulders, its presence would hardly be 
detected ; for the alluvial deposits slope from the Cardrona quite 
to the top of the moraiile. At the junction of the Lindis with 
the Clutha, a large moraine appears to have once existed ; but it 
is now quite destroyed, ^nd marked only by the number of large 
angular blocks that lie on the surface, and are mixed up with the 
alluvial deposits. These angular blocks are found in the 
alluvium overlying the lignite formation as far down as Crom- 
well — (see fig. 12,^), and are very conspicuous at the entrance to 
the Kawarau Gorge on the Cromwell side. Below Cromwell I 
have seen no glacier deposits, neither have I seen any in the 
valley of the Waitaki, nor in any other part of the Province 
except those described. 

Dunedin. — It has been stated "* that evidence of ice 
action in the form of striated boulders, rock groovings, and 
boulder clay, eidsted in the neighbourhood of Dunedin. I have 
several times carefully examined the evidence upon which these 
statements rested, once in company with J. T. Thomson, Esq., 
and Dr. Berggren, of the University of Lund, in Sweden, who 
is well acquainted with ice marks, and on another occasion with 
L. O. Beal, Esq., and Mr. Ulrich, who has a most extensive 
knowledge of rocks and minerals. We found the supposed 
glacial strisD very numerous on rounded basalt blocks. But 
^though remarkably like true ice scratches, they were found on 
close examination not to be parallel, and even occasionally 
slightly curved. They were also found to be chiefly on the 
edges of the blocks, and often went round a corner. These facts 
were decisive against the scratches being due to ice action, 
and we came to the conclusion that they were caused by decom- 
position, bringing into view a previously hidden internal structure 

* Trans. N. Z. Institute m., p. 276, and VL, p. 312-313. 
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of the rock. This opinion was subsequently confirmed by find- 
ing similar striae on hard cores of basalt in a decomposing lava 
stream, where of course they could never have been exposed to any 
abrading action. It is these decomposing basalts, out of which the 
harder undecomposed cores project and look like rounded boulders^ 
irregularly scattered through a clay, that hare, in the neighbour- 
hood of Dunedin, been mistaken for a glacial boulder clay, or tilL 
The grooved rocks in the valley of the Kaikorai were found to be 
caused by water running over calcareous sandstone, and dissolving 
narrow gutters out of it. 

Shore Deposits — ^At Oamaru a horizontal thick bed of fine 
grey silt, interstratified in its lower portions with several beds of 
well rounded gravel, rests unconformably on the volcanic and sedi- 
mentary tertiary rocks (Fig. 7, a). This deposit, which descends 
nearly to the sea level at Oamaru jetty, wraps over the highest 
points (470 feet) of the volcanic rocks forming Oamaru Cape, and 
descends again on the other side nearly to the sea level. The 
lowest gravel beds on both sides of the Cape are full of marine 
shells, and out of them I obtained the following : — Ranella vexillum, 
Hhithria lineata, Voluta padjlca var y, Oominella virgata, Calyp- 
trcea maculata, Turbo smaragdus, Diloma CBthiops, Diloma nigerrimay 
Polydonta tiarata^ Patella margaHtaria, Mactra cequilaieray 
Mactra sp. nov. , Mesodesma novae zealandice^ MesoJesma subtrian- 
gulafa, Chione costaia, Chione mesodesma, Chione giboosa, Dosinea 
anus, Tapes sp. nov., Mytiliis latus, Mytilus dunkeri, and Ostrea 
purpurea. 

Of these, 22 species all but two are still living, but Cominella 
virgata is not known to live as far south as Oamaru at the present 
day. Many of the bivalve shells appear to be thicker than they 
are now, but Diloma cethiops, Diloma nigerrima, Polydonta tiarata, 
and Patella margaritaria still partly retain their color. 

In the same bed Mr. Forrester has obtained rolled specimens 
of ydtica soHda and a Cucullcea, but these aie very much water- 
worn, and have evidently been derived from an older formation. 
This bed is not more than 10 or 12 feet above the sea, but marine 
shells occur in other gravel beds filling old caves, to a height of 
60 feet on the north side of Oamaru Cape. 

In the pilt overlying the gravels many bones of the moa are 
found at all levels from a little above the fossiliferous gravel bed to 
quite the upper portions, and I also obtained some fragments from 
the same deposit in the terrace above Oamaru. 

V In Fig. 15 I have given a sketch of a section exposed in a 
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mSj on tbe north side of - 

Oamara Cape m it appeared in S^JT^ 

November, 1873, -with the I' " - "^ 

broken pelvis and femur of a ~ 

moa (TMaomis) sticking out of 

it (fig. 15, «). The femur and ^ 

pelvis were found in their ' 

proper positions. There is also 

in tbe Museum the akull of a 

sea elephant {Moruaga ele- 

pUnthm) wl|ich was obtained ^^_ Oa«aru^. sUt, 

Irom this Hit several miles I g^^j. ,^ ^^^j ^„^ '^J 

inland from Oamrru, hut I do ine shells, pleLatocene; d, |basalt 

not know the exact locality. (Oainiru formation)-; *, moa bones 

^ in sat. 

This silt extends inland for a considerable distance, and 
stretches northwards aa f ar as the shingle alluvium of the Waitak". 
It appears to present a yoiisiderable anal''gy to the Pampean forma- 
tion of South America,* Southwards it is estensively but irre- 
gularly developed. At Hampden it is seen to rest on the blue clay 
of the Pareora formation (fig. D a),t At Waikouaiti and Blueskin 
it passes into a sandy clay ; and at Dunedin, a clay, that I consider 
to be of the same age, covers a considerable area at Mornington at 
a height of 450 feet above the sea, where it rests upon volcanic 
rocks. 

From the Otokaia southward to Tokomairiro, beds of fine 
gravel occur along the shore and extend inland, covering up the 
old moraine deposit, previously mentioned,! to a height of at least 
■ 300 or 400 feet , 

From Wangaloa to the Clutha beds of horizontally stratified 
sands and gravels are found along the top of the sea cliff (sec. Yll. 
a), and extend inland to a height of about 150 feet. 1 could find 
no fossils in these rocks, but they hare every appearance of being 
very recent. 

The country also between Balclutha and Clinton is thickly 
covered with silt, the older rocks only appearing occasion .illy, and 
generally in the valleys. 

The Southland plains, extending from the Mataura to the 
Jacob's River, may also be considered a shore de|io8it. They are 
composed of beds of shingle, sand, and clay, with occasional seams 
ef lignite in the lower portions. These be<ts rise gradually from 
the sea, and attain a height of about 650 feet in the Waimea 
plains. 

•Darwin'B tJeological ObaervationB in South America, p. S9. 
tn i» the (1) dilntuJ clay of Mr. MaoteU, y.J.a.S., 1850 p, 331. 
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A similar set of beds are seen on ths coast at Orepnke (fig. 
26, a). 

Older River deponU, — Many of the rivers in Otago have on 
one side or the other old beds filled up with gravel and silt, and 
separated from the present river bed by a ridge of solid rock. 
In the Shotover, for instance 
(Fig. 16), one of these old >. 

river beds is worked for gold wfh^^ojpopj^^ ^^/^^Jf7/// 
oh the right bank of the river, 
a gallery being driven along 
the old channel, the schist 
rock rising up on both sides. 
The present river bed is cut pig. 16. Shotover Eiver.-a, old river 
down considerably lower than channel, 

the old one. 

The same tldng occurs in the Lammerlaw Creek, at Waipori, 
where Driver's and Bolton's claims are worked in an old channel of 
the river, which is completely covered up and hidden by gravel and 
silt, and divided from the present river by a ridge of rocL In this 
case also the river is now running at a lower level than the old one 
did. Another example of the same thing may be seen at Few'g 
Creek, Lake Wakatipu ; and no doubt many others of a simij^^p 
nature exist. 

In the Dunstan gorge the river is seen to have once run in a 
broad channel whit^h has been filled up with gravel and silt, and a 
new and much narrower ** 

channel has been cut 
through the alluvial beds 
and deep into the solid 
rock below (fig. \1.) In 
these older silt beds moa 
bones are of not uncom- 
mon occurence (fig. 16,Ia). ^. ,^ ^ ^ ^ T, .^. ,1^ 

^ o '• ' Fig, 17. Dunatan Gor^e.— «, Position of Moa 

bones in silt, 

Under this head we must also arrange the river terrace for- 
mation which is so largely developed in the interior of the Province. 
These terraces are found in the valleys of all the rivers, but are 
particularly well seen in the Upper Clutha (see plate I.) These 
older river alluvia, which cover the still older lake deposits,* are of 
course very variable in character, but a general rule in their com- 
position appears to be that the upper beds are composed of finer 
materials than the lower, the whole being often capped by fine 
sand or silt (see fig. 12, a). 




• See figs 10 and 11 (a), and fig. 12, a and h. 
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RKCEirr Deposits* 

Under this head I arrange all the gravel and silt beds now 
being formed by the various rivers (fig. 8, a), or by other causes 
still, or quite lately, in operation ; such as the sand dunes at the 
mouths of the rivers^ the peat beds often, as at Hamilton, containing 
moa bones, bhe raised estuarine mud round the head of Dunedia 
Harbour, Inch-Clutha, &c., and also the Cave deposits in various 
parts of the Province. It is only in the uppermost parts of these 
deposits that we find any trace of the human race, and of terrestrial 
mammalia, which latter are, however, limited to the dog and rat. 
Associated with these, and evidently contemporaneous, we also find 
many remains of the moa, the species of which appear to be identi- 
<»d with those found in the pleistocene deposits. From the peat at 
Hamilton I obtained species of land and fresh water shells, which 
have been sent to Dr. Dohrn for determination, but I have not yet 
received any reply from him. The following species of extinct 
birds have been found in the recent deposits of Otago : —Harpa- 
gomis moord, Haast ; Cnemiomis calcitrans, Owen ; Dinorrm 
didiformis^ Owen Ci) ; D. rJieidesy Owen ; D. gravis^ Owen ; 2>. 
ccumarimLs, Owen ; D, crassus, Owen ; D. elephant opus, Owen ; D. 
struthioideSf Owen ; D, ingens, Owen; D. robustics, Owen; and 
D. maximus, Owen. In addition remains of the Tuatara Lizard 
(Sphenodon punctatum, Gray), which is now extinct in the Pro- 
▼ince, are also found, as well as of many smaller birds, which have 
not yet been examined. 



* These are not represented in the map. 
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SECTION V. 

HiSTOEicAL Geology. 

Having described all the facts known to me relating to the 
geology of the Province, it remains now to collate them, and try to 
deduce from them the causes to which they owe their origin, or in 
other words the geological history of the Province. I have kept 
this section distinct from the last because it stands on a differeut 
footing. The last section simply described my observations, which 
are open to all to examine and verify or correct as the case may be ; 
while the present section is an attempt to theorise on those observa- 
tions, and to build up from them a history of the geological 
changes that have taken place in this portion of the earth's surface. 
But HS these observations are necessarily very incomplete, and indeed 
sometimes probably erroneous, it is evident that too much stress 
must not be laid on thft accuracy of the conclusions drawn from 
them. Even if all the facts were as accurately known as possible, 
the interpretation of them would not be so easy as might be sup- 
posed, for sometimes the facts admit of more than one explanation. 
Nevertheless whatever may be the difficulties in the way, we must 
try our best to overcome them, for not only will a knowledge of the 
geological history of New Zealand be of the utmost importance to 
generhl theoretical geology, but it will also throw much light on 
the deposition of our auriferous alluvia, and it has therefore its imme- 
diate practical, as well as its future theoretical value. Conse- 
quently it is of no use saying that we ought to wait until our 
knowledge is more complete before attempting to theorise, for if we 
did so we might wait for ever, and still not be satisfied as to the full- 
ness of our evidence ; while if we carefully endeavour to make out 
from the observations before us the most probable history of the 
geological changes in Otago, we shall at any rate be in the best 
possible position that our present knowledge admits of for solving 
accurately the practical problems presented to us. 

Eozoic and Pdlceozoic eras. — Our knowledge of the eozoic and 
palaeozoic rocks of Otago is too limited to enable us to speculate 
much about them, It is, however, evident from the facts previously 
mentioned (page 40), that the metamorphism of the Manipori 
formation has no connection with the eruption of granite at Pre* 
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servation and Chalky Inlets, and that most probably the metamorphism 
of the Wanaka and Eakanui formations took place during or after 
the deposition of the rocks of the Kaikoura formation ; and, as the 
Kaikoura formation is not more altered where it rests on the 
Manipori formation than it is at other places, it follows that the 
more intense metamorphism of the latter formation must have 
occurred at an earlier period than that of the Wanaka and Kakanui 
formations. This shows a considerable difference in age between 
the Manipori and Wanaka formations, which is further proved by 
the abundance of dykes in the former which do not appear to pene- 
trate any higher. 

The slight unconformity that exists between the Kakanui and 
Kaikoura formations, shows that, at an intermediate age (perhaps 
during the Devonian period), an extent of low flat laud existed in 
Otago which underwent a slight denudation. This land, the earliest 
of which we have any evidence in New Zealand, sank during the 
deposition of the Kaikoura formation (perhaps the carboniferous 
period), and was afterwards elevated again into dry land in the 
Permian period. 

This last elevation is proved by the unconformity that exists 
between the Maitai and Kaikoura formations, which, however, is not 
so great in Otago as it is further north. But even in the north 
there is perhaps no evidence that New Zealand, during the Permian 
period, was a mountainous region, for there are no signs of any 
great local denudations having taken place, such as would be pro- 
duced by mountain streams, and it is more probable that New 
Zealand then formed a very subordinate part of a large continent, 
which, jud'jjing by the similarity of the shells and plants found in 
the following formations with those found in Australia, India, and 
Europe, probably stretched away far to the northward. 

Mesozoic era, — At the commencement of the triassic period, this 
continent began in New Zealand to subside below the sea; but from 
the occurrence of plant remains throughout the Maitai formation, it 
is probable that this subsidence was not very great, and that the 
southern portion of the Permian continent was not yet quite sub- 
merged, when another slight elevation, accompanied by an outburst 
of volcanic action, took place, which caused the continental veofeta- 
tion again to advance to the southern and western portion of New 
Zealand. This was followed by subsidence, during which the mixed 
estuarine and marine Putataka formation was deposited. The 
granite also, erupted into the palaeozoic rocks during the deposition 
of the upper part of the Maitai formation, was exposed at the 
surface by denudation, and fragments of it were brought down 
by rivers running from west to east and were mixed with the gravel on 
the sea shore. At the close of this formation (that is to say towards 
perhaps the middle of the Jurassic period), the whole of the country 
was again elevatedy and the chain of the New Zealand Alps formed. 
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The proofs of this elevation are (1), That all the rocks of 
precretaceous age partake ia the main foldings of the strata (see 
page 24) ; (2), The absence of all rocks belonging to the upper 
Jurassic and lower cretaceous periods, and (3), The total uncon- 
formity between the Putataka and the Waipara formations, which 
is especially well seen in the Provinces of Canterbury and Marl- 
borough, where rocks belonging to the Waipara formation are found 
filling up valleys of erosion in the Maitai and Putataka formations, 
proving conclusively that the country had previously undergone a 
considerable amount of subaerial denudation. The foldings of all 
the rocks older than the Waipara formation, show that this upper 
secondary elevation was no local affair, but part of a large move- 
ment, which probably resulted in the upheaval of a continent. How 
far this antarctic continent extended we have as yet no means of 
knowing, but that it probably extended to South America is shown 
by all the formations later than this upheaval containing fossils 
related to, or identical with those of Patagonia and Chili. Since 
this upheaval the New Zealand Alps have never been submerged. 

Subsequently (upper cretaceous period) this continent subsided, 
and at the close of the mesozoic era, the north part of this island 
was 6000 feet, and Otago was 3000 feet lower than at present. This 
is proved by the height to which the Waipara formation extends in 
Marlborough (Benmore) and Otago (Mount Hamilton) respectively. 
That the Alps were not entirely submerged, is shown by the Wai- 
para formation, which was deposited during this depression, abutting 
against the older rocks, and occurring in such positions as to show 
that it could never have overspread the whole of the Alps. This, 
however, can be better proved in Canterbury and Marlborough thaa 
in Otago. It was at this time that the sea swarmed with huge 
saurians (plesiosaurus, <&c.), and although none of their remains are 
as yet known to occur in Otago, they may still be found between 
Shag Point and the Otepopo Eiver in the hills behind Hampden. 

New Zealand was now reduced to a narrow chain of islands, 
and from that time to the present it has always remained isolated 
from any large continental area. 

Cainozoic era, — At quite the commencement of the tertiary 
era, New Zealand was again upheaved. This upheaval was not so 
violent as the last, and probably therefore did not affect so large an 
area. Still in Otago, Marlborough, and Nelson, a certain amount 
of folding of the locks took place, and the lately formed beds of 
the Waipara formation were caught up in them. In Canterbury, 
however, this was not the case, and the Waipara beds still con- 
tinued in a horizontal position, although elevated above the sea* 

*I mention these facts, althougli referring to districts outside of Otago, 
-as we are by means of them enabled to roughly estimate the difference 
between this and the former elevation. They are all derived from personal 
observation of those districts. 
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The proofs of this upheaval are — (1) The complete uniformity 
between the Waipara and Oamaru formations as seen at Mount 
Hamilton (see p. 61) and Shag Valley (see p. 50) in Otago, and in 
the Weka pass, district in Canterbury.* (2) The absence of rocks 
of lower eocene age, the fossils from the Oamaru formation being 
quite distinct from those of the Waipara formation, and containing 
some 13 or 14 per cent of still living forms; and (3) the great ^ 
amount of subsBrial denudation that had taken place between the 
two periods, such as the hollowing out of the Shag Valley (see p. 50), 
and the denudation of the north side of Mount Hamilton and 
Centre HiU (see p. 51). 

It was this lower eocene upheaval that gave the final form to 
the internal geological structure of the Alps, for all the rocks of a 
later date are, with local exceptions, more or less horizontal, and 
circle round the bases of the hills formed by the mesozoic and palaeo- 
zoic rocks. Thus showing that since the deposition of the tertiary 
strata no great internal changes in the position of the rock masses 
have taken place, although vust extemxil changes, caused by denu- 
dation, have torn the tertiary rocks into fragments. 

But not only was the hist touch given at this time to the geo- 
logical structure of the Alps, but the chief valleys were also marked 
out at this period. For example, we find our oldest tertiary rocks 
occupying the valley of the Waitaki as far as Big Gully Creek, and 
the Maruwhenua to beyond the township. In the valley of the Shag 
they extend up nearly to its source, stretching indeed once beyond 
that into the Maniototo Plain as far as the Kyeburn. "We find 
them again at Waihola gorge, and at Lake Wakatipu, and in some 
of the branches of the Shotover, shewing that these even had been 
LoUowed out during the eocene period. In the valley of the 
Mataura they occur in the Waimea Plains, and they stretch up 
the valley of the Waiau as far as Manipori Lake and Cehtre Hill. 
These facts prove convincingly that the Alps had undergone 
enoimoua denudation before the close of the eocene period, and that 
most of the present valleys in them had been hollowed out to a 
considerable extent at that time. But they also prove that a^ the 
close of the eocene period Otago was again depressed to about 
1600 or 2000 feet below its present level, and that the sea then 
entered the long winding, valleys that had been previously formed, 
and penetrated as far as Te Anau and Wakatipu Lakes. It was at 
this period of greatest depression that volcanic action burst out 
with such energy in the neighbourhood of iJunedin and other 
places; and during the middle miocene period Otago was again 
slightly raised above its present level, so tiiat no rocks belonging 
to the Ahuriri foimation could be deposited here. This elevation 
iras probably not very great, for the Ahuriri formation occurs in 



* Beports of Geological £iplcravio^s, 1872-3, p. 44. 
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the Waimakariri Valley, in Canterbury, at an elevation of about 
3000 feet above the sea, and if the Provintse of Canterbury was so 
much depressed at that time, Otago is not likely to have been much 
elevated. It was, however, sufficient to cause the Oamaru forma- 
tion to be considerably denuded, and the Pareora formation now 
lies, as in the Shag Valley, in the hollows that were then formed 
in it 

During the upper miocene period the whole of the South 
Island was considerably depressed, and, if I am right in sifpposing 
that Mount Prospect near Lake Te -Anau is composed of rocks of 
that age, Otago must then have stood at least 3246 feet lower than 
at present. 

JN o marine rocks of older Pliocene age are known in any part of 
New Zealand, and consequently I infer that at that time the whole 
country stood at a higher level than at present ; but at Wanganui 
there is a bed of blue clay containing marine shells, of which about 
24 per cent, are now extinct, which, therefore, we must refer to 
the newer Pliocene period. Also in many places round the coast 
of New Zealand, such as Oamaru, Matauri, Wanganui, Taranaki, 
Cape Kidnappers, d:c., we find pleistocene deposits containing marine 
shells, in some of which all are still living, and in others there are 
from 5 to 10 per cent, of extinct forms. Consequently there can have 
been no general elevation of the land extending over a long period 
since Pliocene times. 

1 That the subsidence which followed this last elevation was 
continued until Otago stood at a much lower level than at 
present, and that it was subsequently followed by an elevation, 
which may probably still be going on, is proved by many 
facts. The silt deposit at Oamaru, already described, proves con- 
clusively a subsidence in pleistocene times to an extent of at least 
500 feet, and consequently a subsequent elevation of a like amount. 
At Bushy Park, south of Shag River, a raised beach occurs at about 
100 feet above the present sea level. On the seaward side of the 
Dunedin Peninsula, High Cliff, which is about 900 feet high, presents 
a remarkable series of five or six 
terraces (fig. 18) apparantly due to 

marine denudation at various levels, ^/ . N 

but I have not been able to examine * r^ ^ N ^ 

it closely, and it is possible that in /Jh^\^ kN 

BO hard a rock these terraces may yK^^^'^K^^ A 

have kept their shape for a long time, seo, ^y^\h^ ^.h^h^^k 
and they may have been formed dur- — 
ing pauses in the movement of a pre- Fig. 18. High Cliff, Dunedin. 
vious subsidence, or they may be caused by harder ledges of rock. 
For these terraces and even cliffs are not by any means of universal 
occurrence on the east coast of Otago, the hills sometimes sloping 
gradually down to the sea. The best example that I know of 
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this is at Quoin Point, between the Taieri and the Tokomairiro 
(fig. 19), which exhibits a very characteristic plain of marine 
denudation. ^ka^^ huis. 




Fig. 19.— Quoin Point. 

The Southland plains are distinctly terraced, and as Dr. 
Hector^marks are *' marked by ridges which doubtless indicate 
the successive channels which were formed by the Mataura and 
Oifeti rivers at the time they poured their waters into an extension 
of the present bay, prior to the last elevation of the land.*** The 
network of gravel beds which surround tbe Hokanui and Moon- 
light ranges also shew evidence of marine action, for it is impossible 
that the alluvia of the Mataura, the Oreti, and the Jacobs Eiver 
should all join one another with gradual slopes behind the seaward 
range of hills, without the intervention of some uniform widely 
acting cause, such as the sea ; and we have further evidence of this 
action in the flat topped beds of eocene limestone in the Waimea 
plains. This would show that the land here has been lately about 
600 feet lower than at present, which corresponds very well with 
the height of the silt formation at Oamaru. The chain of small 
islands between Fatersou's Inlet and Huapuke are also quite flat- 
topped, the result evidently of marine denudation. They are 
between 140 and 200 feet high. 

In the West Coast Sounds nothing perhaps is more striking 
to the geological eye than the contrast between the immense, almost 
perpendicular, clifls found up the Sounds and the absence of any 
high sea cliffs between them. This certainly implies that the land 
must be moving either up or down, a-nd constantly therefore pre- 
senting a new line of action to the surf. For if the land had been 
stationary, the furious swell of the Pacific Ocean, impelled against 
the same line of coast by the almost constant succession of westerly 
gales, must have long ago eroded them back so far that an iron 
bound coast line of high cliffs would have been formed all along 
that part of the coast where the mountains approach close to 
the sea. But this is by no means the case. At all the head- 
lands between the Sounds the spurs of the mountains, covered 
with bush, slope at angles of between 25® and 50® to the sea, 
tad only a line of low cliffs is seen at their base. (See fig. 21.) 
That this movement is one of elevation there are several proofs. 
On Coal Island, just opposite Otago*s Retreat, there is a sea 
worn cave situated about 12 feet above the present sea level, and 
Dr. Hector mentions others at elevations of from 10 to 20 feet. 
Off Green Islets there is a remarkable rock, between 90 and 100 



♦Geological Exploration of the West Coast of Otago, p. Ml» 
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feet high, which at a height of about 4(X feet is cut into a step- 
like terrace all round. (See fig. 20, a and b ) On the east sioe 
this terrace is cut into two steps (fig. 20, o), and just on a level 
with the terrace the rock is pierced completely through in a 
north and south direction. It is quite evident that both the 




s 
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Pierced Rocks of Green Islet. 

Fig. 20. Pierced Rock off Green Islets.— a, view looking north; b, 

view looking west ; c, position of hole. 

terrace and the hole were caused by marine denudation when the 
land stood 40 feet lower than at present. The low land east 
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Fig. 21. Entrance to Doubtfnl Sound from the north. 

of Windsor Point is also distinctly terraced. These terraces can 
be easily recognised, but I was not able to estimate their height. 

The entrance to Doubtful Sound is also distinctly terraced 
on both sides, (fig. 21), and I estimated the highest to be about 
800 feet above the sea level. 

On the other hand Dr. Hector has brought forward the fol- 
lowing evidence in favour of the view that these Sounds are at 
present undergoing subsidence. Speaking of the streams that 
run into Edward son Sound, a branch of Chalky Inlet, he says 
" thi flats along the lower parts of these streams are true valley 
deposits, such as may be seen in any mountain valley, formed by * 
the gradual change of the water course from side to side; 
and as I did not discover any remains above high water 
mark of the brackish water deposit with estuarine 
shells, which is now slowly filling up tiie basin, or any 
trace of terraces round the mouths of the rivers, 1 
conclude that the land at the head of this sound, unlike most parts 
of the New Zealand coast, is not rising; and the consideration of the 
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nature of the falls almost demonstrates that it is, on the other hand, 
an area that is being submerged. The examination of the walla of 
the chasm through which the first mentioned river — [the north river 
at the head of Edwardson Sound] — falls— [the falls are 25 feet high, 
and the river falls into a pool in the chasm 36 feet deep] — convinced 
me that it has been cut by the action of falling water, which may 
have followed a pre-existing fissure. The rock is a granular quartzite, 
compact and close grained in texture, but still such a rock that can 
be slowly worn away by the mechanical action of running water. 
The depth of the rocky chasm below the fall must, therefore, of 
itself prove that the fall was once higher, and as it now falls to the 
sea level, as a necessary consequence it follows that the land must 
then have been more elevated." * 

Again, speaking of the low neck of land, some 400 yards in 
length, between Cunaris Sound in Chalky Inlet and Last Cove in 
Preservation Inlet, he says : " This neck of land is quite low, but 
bounded on both sides by lofty and precipitous mountains. The 
torrents which descend from these flow into Preservation Inlet, and 
accordingly add to the eastern side of the isthmus by the quantity 
of subangular fragments of rock that they bring down. * * * 
The absence of the characteristic terraces which mark the existence 
of a ' col,' or ancient strait, was a further proof that the coast line 
here is not rising, as in a situation like this they could hardly fail 
to be present." ( L c. p. 452.) 

This is all tlie evidence in favour of subsidence that I can find 
in Dr. Hector's Report, and I do not think that it has anything 
like the weight of that previously adduced in favour of elevation. 
In such steep-sided ravines as are these sounds, no deposits form 
along the sides except at the mouths of streams, and this, together 
with the heavy rains that are constantly falling, are quite sufficient 
to account for the absence of any brackish water deposit with 
estuarine shells above high water mark. For if formed on the sides 
they would be all washed down, and if formed at the mouths of the 
streams they would be at once either washed away or covered up 
with debris. Terr.icss could not be expected close to the mouth of 
the rivers, but only high up them ; because, as the land rises, the 
mouth of the river is constantly advanced at the sea level, and the 
terraces are cut out higher up where the mouth used to be. Dr. 
Hector describes the flats along the lower parts of the streams as 
" true valley deposits ; " but these streams are constantly briaging 
down gravel and boulders of all sizes, which cover up the estuarine 
deposit. The flats at the head of Bradshaw Sound, Bligh Sound, 
and Milford Sound, which are all that I was able to examine, I 
found to consist of fine mud and sand which had evidently been 
deposited in quie(|water, and it was quite different from the material 
now being brought down by the streams, and which covers up the 



* Geological Exploration of the West Coast of Otago, p. 451. 
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mud deposit hip^her up the stream. I certainly did not notice any 
terraces, but the flats at the mouth of these streams are covered with 
such a dense impenetrable vegetation, that exploration far from the 
river bank is almost impossible. The opinion that I formed after 
an examination of these flats was quite opposite to that of Dr. 
Hector, for I thought that they showed evidence of elevation. 

The deep pool in the chasm, mentioned by Dr. Hector, has, no 
doubt, like the sounds themselves, been form-ed when the land stood 
at a higher elevation than at present, but I do not think that the 
hole necessurily implies recent subsidence, for its shape might have 
been preserved below the water f^r an immense period of time. 
With regard to the last evidence brought f«»rward by Dr. Hector, 
viz., the abseice of terrace? on the low neck of land between Chaiky 
and Preservation Inlets, even if we grant that terraces are charac- 
teristic of a col, which, however, I am not prepared to do, still, 
they could hardly be expected in this case, for the tidal current at 
the head of these sounds is very slight, and ever- if a terrace had 
been cut, it would have been at once oblitorated by the immense 
quantity of debris that falls from the lofty and precipitous mountains 
on either side of the col. 

The Rev. R. Taylor, in his ** New Zealand and its Inhabitants" 
(London, 1855), states that earthquakes in 1826 and 1827 so altered 
the form of a small cove, called *'The Jail" by the sealers, about 
80 miles north of Dusky Sounti, that it could hardly be rec«>gnised. 
The cove became dry land, and trees were seen under water near 
the coast, haviisg probably been carried down by landslips into what 
was previously deep water. 

It has been already mentioned that all the river valleys in the 
interior exhibit a remarkable series of alluvial terraces. These 
terraces are generally supposed by geologists to be caused by the 
rivers rapidly cutting down their beds during elevation of the land, 
but as Dr. Haast has statel* that there is another agency by which 
alluvial terraces are formed, ** namely the retreat of the river sources 
to higher and more di>tant regions,"+ it is necessary for me to show 
that he is mistaken on this point. 

When the land is stationary or sinking, the lateral denudation 
on the sides of the valley is as great as the vertical denudation, and 
consequently no terraces would be left. But if by any combination 
of causes a terrace should l)e left, it would by this process be a rock 
terrace, and not formed of alluvium. Dr. Haast*s theory also would 
not account for terraces in the lower {)ortions of the rivers, for here, 



* Report on the formation of the Canterbury plains, p. 14. The other 
reason given in this Report to account for terraces, viz., " The permanent 
diminution of their (the rivers) waters through ch|pges at or near their 
sources," need not be discussed, for it would act m exactly the opposite 
direction to that supposed by Dr. Haast. 

t Trans. N. Z. Institute, vi., p. 423. 
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"when the land is stationary, the constant level of the sea prevents 
the rivers from deepening their channels, and when the land is sink- 
ing, it is obvious that all rivers must be filling up their old beds 
throughout the whole of their lower portions. If Dr. Haast was 
right in hib surmise, we should see terraces equally well developed 
in all mountainous countries, and those of Wales and Switz3rland 
ought to be as remarkable as those of New Zealand, which is very 
far from being the case. 

The evidence, therefore, appears to me to show that the latest 
movement in Otago has been one of upheaval, both on the east and 
and west coasts, and that the amount of this upheaval has been, at 
least, 500 feet.* 

Glacier period. — In the last section I adduced abundant evid- 
ence to show that the Otago glaciers formerly extended much 
further than they do now, and this could only have been caused 
either by a much colder climate than at present, or by the land 
having stood at a much greater altitude.t Now, although we have 
proofs of the former jireat extension of our glaciers, we have 
no proof whatever that they descended nearer to the sea 
level than at present, although they probably would do so 
when they were larger, and had larger supplies of snow. 
But there is no proof whatever that they reached the sea. 
There are no stratified moraines nqr boulder clay to be seen ; 
no marine shells have been found in any of the glacier de- 
posits, even when, as in the case of thn moraine near the mouth of 
the Taieri, they are now at the sea level. Also, there are no signs 
in any of the newer pliocene and pleistocene deposits of any change 
in the fauna that would indicate a colder climate. On the contrary, 
the pliocence and pleistocene beds at Wanganui contain recent 
species of shells that cannot now live south of Cook Strait, while 
the cold that would be necessary to bring back our glaciers to their 
former dimensions would be sufficient to exterminate throughout 
New Zealand all those shells that cannot now live on the coa.^ts of 
Otago. We find, however, that some of them have existed in New 
Zealand ever since the upper miocene period. We have, therefore, 

* Captain Fairchild informs me that a Weta (Oct/dromm hector i (?),) 
is found on the Solanders; consequently, this island cannot have been 
entirely submerged since it was separated from New Zealand. It is 1,1C0 
feet high, and an elevation of 400 feet would connect it with New Zealand. 

f Dr. Hector and Dr. Haast have suggested that the mountains may 
have had a more plateau-like form, and consequently, collected more snow 
during our glacier period than now. This, no doubt, would tend to increase 
the size of the glaciers, but we must remember that the New Zealand 
Alps have been undergoing denudation ever since the Jurassic period, and 
that in the upper eocene period, many of the valleys in them had been 
hollowed out nearly as deeply as now, consequently^ during the compara- 
tively short period that has elapsed since the date of our last great glacier 
period, denudation cannot have affected the shape of the moimtains to such 
an extent as to make it worth while to take this cause into consideration. 
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no trace of a cold or glacial epoch, and we are obliged to fall back 
on elevation of ttie laud as the main cause of the former extension 
of our glaciers. And, as we have already seen that New Zealand 
has not stood at a higher level than at present since older pliocene 
times it is to that date that we must refer our \h&t glacier period. 

If we now turn for confirmatory evidence to the glacier de- 
posits themselves, and to the older alluvia, we find that the ex- 
ternul forms of the older moraines are almost entirely obliterated, as 
for instance that at the junction of the Lindis with the Clutha, and 
that at Black Mount ; while that near Taieri Mouth has not only 
lost its external shape, but is almost entirely covered on the sea- 
ward side by what appears to be marine graveL Others of a 
rather later date have also been much modified as at the southern 
extremities of Lakes Wakatipu, Wanaka, and Hawea. We also 
find that the polished surfaces and striae have completely, 
disappeared in places where we know that ice must once 
have passed over. In some places, as near Queenstown, the 
rounded, smooth surface still remains, but in others not only has 
the polishing and grooving been obliterated, but subsequent weather- 
ing has so altered the once " moutonne6s" surfaces as to make them 
quite unrecognisable, as in the west coast sounds ; and there are 
places in the Maniototo and Dunstan districts, where masses of rock 
ten or twelve feet in thickness have been removed since the ice 
passed over them. 

This great amount of weathering may in part be due to the nature 
of the rocks, but the modifications of the moraines certainly indicate 
their great age, and a study of the older river alluvia leads us to the 
same conclusion. For instance, I have pointed out that in the 
Shotover there are two distinct river channels separated by a sharp 
ridge of rock, and that the older channel is filled with gravel (see 
fig . 16). Now it is evident that no glacier can have come down the 
Shotover since the older channel was filled up, or it would have 
ploughed all the gravel out again and rounded the sharp ridge 
between the two. Indeed the V-like form of the older channel, as 
well as the gold found in the bottom of it, prove that it was cut 
out by the river, and not by a glacier, which are known not to cut 
sharp V-shaped but round bottomed U-shaped valleys. Remem- 
bering, therefore, that rivers deepen their beds when the land is 
rising and their velocity increasing, and fill them up when the land 
is sinking and their velocity consequently diminishing, we see that 
the Shotover supplies evidence that since any glacier came down it, 
the land has been elevated, then depressed, and subsequently 
elevated again. And if to tbis we add the first depression which 
caused the glacier to retire, we have two depressions and two ele- 
vations subsequent to the great extension of the glaciers. The same 
conclusion will be arrived at by a study either of Lammerla w Creek, 
at Waipori, or Few's Creek, at Lake Wakatipi^ 
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If also the old lake basins in the interior have been hollowed 
out by glaciers, * it is evident that an immense length of time 
must be allowed for filling them up. 

Consequently we have proofs not only of the great length of 
time that has elapsed since the greatest extension of the glaciers 
took place, but also of a second elevation, and consequent second 
advance of the glaciers, which, however, was less than the first, 
as the ice did not a second time come down the Shotover. These 
two elevations we may with much probability place between the 
Pareora and "Wanganui formations, and between the Wanganui 
and pleistocene deposits respectively ; the earlier elevation being 
the greater and the longer continued. The New Zealand glacier 
period has therefore nothing in common with the glacial period 
of the northern hemisphere. 

If now, in order to assist the memory, we throw the various 
oscillations in level that Otago has undergone into the form of a 
diagram, as in Plate II., where the centraljhorizontal line which 
represents the present elevation of the Province, is divided into 
spaces proportional to the length of the different geological 
periods, we see that tliese oscillations have been more numerous 
and more extensive since the middle of the Jurassic period than 
before it ; and that since that period there have been three main 
upheavals, and two minor ones, or five in all ; of which the first 
represents the period of the antarctic continent, and the last but 
one the period of the greatest extension of our glaciers. It is, 
however, probable that we had a glacier period during each of 
the main upheavals, and indeed we have proofs, as I shall show 
in the next section, that there were large glaciers in Otago dur- 
ing the middle, or eocene upheaval. 



* The proofs of this will be given in the next section. 
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SECTION VI. 

SuEFACE Geology. 

Having described the geological structure of the Province, and 
probable oscillatioos of level that it has at various times undergone, 
we are now in a position to discuss its surface geology, or in other 
words to attempt an explanation of the various causes that have 
brought about the surface contours of the country ; and although 
it cannot be expected that in the present incomplete state of our 
knowledge all the numerous and 3omplicated problems presented to 
us in Otago can be satisfactorily resolved, yet if our observations on 
the geology of the Province, and the deductions drawn from them 
arft in the mnin accurate, then the errors that we may fall into in 
attempting the solution of some of these physiographical puzzles will 
be errors of detail only, and not errors of principle ; and further 
and closer observation will no doubt enable us to correct them. 

It would be out of place in this report to discuss those features 
that ttre common to all countries, such as the origin of valleys, 
plains, &c., for this will be found in any good text book of geology, 
and it is here only intended to mention those peculiarities in the 
rivers, valleys, «tc., in Otago that require special explanations, or 
tho«e points which relate ppeoinlly to the gold-bearing drifts* of 
the Province. There is, however, one point, which as it is still 
considered " sub judice " by some geologists, and as it will have to 
be constantly referred to in tbe following pages, must be briefly dis- 
cussed here. 1 mean the origin of lakes Ijrin)^ in rock-basins. By 
the term " rock-basin," is meant a hollow in 'the solid rock, the 
margin of which is on all sides higher than the bottom. These rock 
basins, when on a large scale, can only have been formed in one of 
two '^'ays, viz., either by unequal elevation or subsidence of the 
area, or by the erosion of ice. A glacier hollows out a rock 
basin in this way. The terminal moraine at the end of a glacier 
covers up the rocks all across the valley, and prevents further 

* The term " drift," or " gold drift," has come into such general use in 
the Australasian colonies for gold-bearing alluvial deposits, that I think it 
better to use the word here ; and it must not, therefore, be thought that by 
" drift," I mean only glacial or ice born deposits, which is the original and 
more correct definition of the term. 
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denudation taking place at that point. But above it the moving 
ice still keeps wearing away the rocks below it, and if this 
action is sufficiently long continued the slope of the valley down 
which the glacier is moving may in time be reversed ; the 
cohesion between the upper and lower portions of the ice 
enabling the upper portions, which still retain their original slope, 
to drag the lower portions up hill along with them. And when 
the glacier melts away a rock basin is left behind, which forms a 
lake. 

If now we turn to the lakes and old lake basins in Otago, we 
find that all the present lakes lie in rock basins, for they are very 
deep, while the rivers draining them run over rocky beds. At 
Cromwell the lignite has been worked to 80 feet below the river 
level, while the river itself runs over rock in the Dunstan Gorge. 
The Upper Taieri Lake proves the same thing for the Maniototo 
Plains, and although I do not know of any sinkings that would 
prove the Manuherikia Valley to be an old rock basin, we cannot 
doubt but that it is similar to all the others. Now in order that 
these lakes and old lake basins might be produced by unequal 
movements of tbe earth's crust, the land north of Lakes To 
Anau, Wakatipu, Wanaka, and Ohau, and the Manuherikia 
Valley must have been depressed, or that south of them must 
have been elevated, and as these lakes are very deep, the move- 
ment must have been considerable. On the contrary, in order to 
account for the old lakes of the Ida-burn Valley and the Manio- 
toto Plains, the land north of them must have been elevated, or 
that south of them depressed ; and as the Ida-burn Valley lies 
clr se alongside of, and parallel to the Manuherikia Valley, it is 
evident that the flexures in this part must have been very abrupt. 
Now not only are no signs of these movements to be found in 
the geological structure of the district, but we must also remem- 
ber that owing to the great thickness of the earth's crust, it is 
impossible that folds of this nature could take place in any one 
di?itrict without a large area being similarly affected. But ^e 
know, from the horizontal disposition of the older tertiary rocks in 
Otago, that no such disturbance has taken place since their deposi- 
tion ; and as the lake basins must have been formed considerably 
after tbat date, it follows that in Otago they cannot be due to 
unequal movements of the surface. On the other hand glaciers in 
some cases still occupy the heads of the valleys in which the lakes 
lie, and in most of them there is ample proof that glaciers once 
filled the valleys now occupied by the lakes ; consequently I shall 
in future assume that all tbe rock basins in Otago, whether filled 
with water, or with clay and gravel, have been hollowed out by ice. 

Valley of the WaitaJci. — That the Upper Waitaki Plains, 
through which the Ahuriri Kiver now flows, once formed part of a 
lake connected with Lakes Ohau and Tekapo is evident. Whether 
the Ohau glacier at one time extended south across the present 
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valley of the Ahnriri, and into the low pass between St. Bathan's 
and the Hawkdun range ; or whether the southern portion of the 
basin was hollowed out by a glacier descending down the valleys of 
the Upper Ahuriri and the Omarama and, together with the Ohau 
glacier, emptying itself into the Waitaki by the present outlet, I am 
unable to say. But I think there can be no doubt that the lower 
part of the valley of the Ahuriri has been cut since the disappear- 
ance of the glacier. The rocks in its valley are all sharp and 
jagged, and 1 saw no moraine in any part of its course^ nor in the 
Waitaki, below where the Ahuriri joins it.* 

That the lake once stood at a much greater height than at 
present, is proved by the Longslip hills, which are formed of lacrus- 
tive deposits, and rise through the shingle plain to a height of 200 
or 300 feet. These hills form a line that runs nearly in the longitu- 
dinal axis of the plain, but is broken through in several places by 
streams, such as the Quail-burn, which cut straight through them to 
join the Ahuriri. These plains could not have been formed by the 
present rivers. Another important peculiarity is that they have 
two outlets, one by the Ohau River, the other by the Ahuriri ; and 
as under ordinary circumstances no lake can have more than one 
outlet, some special explanation is required in this case. The fol- 
lowing appears to me to be the most probible. After the first retreat 
of the glacier, a lake was le^t which overflowed down the Ohau 
River, but at a considerably higher level than at present. . This 
lake was gradually drained, and the Ahuriri River running on the 
north side of the Longslip Hills, and the Omarama on the south side, 
both joining the Ohau River, they first wore down the lacrustine 
deposits on either side of the Longslip Hills and then deposited the 
shingle plains. Afterwards the glaciers of Ohau and Tekapo again 
advanced, and the latter blocked up the exit by the Ohau River ; 
this caused a lake to be again formed over the southern parts of the 
plain, which overflowed down the present course of the Ahuriri. 
This lake was drained nearly to Uie level of the Ohau River before 
the glaciers retreated again, and while this was in operation, gaps 
were formed in the Longslip Hills, through which the new drainage 
system took place. When the glaciers at last retired the terminal 
moraines, and the gravels that the glaciers had pushed up before 
them during their second advance, threw the streams flowing from 
them back into their old channel, and thus separated them from the 
Ahuriri. It will be noticed that this explanation requires a double 
advance of the glaciers, the second being less than the first, which 
as we have already seen was most probably the ca^jp. 

Further down the Waitaki, the outlier of older tertiary rocks 

• Dr. Haast, in a'paper in the Quar. Jour. Geo. Soc, 1865, p. 135, men- 
tions an Ahuriri glacier 25 miles loug, and a Waitaki glacier 78 miles long^' 
and states that traces of the Waitaki glacier are still visible far down the 
riT«r, but he giyes no proofs of these assertions. 
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found at Big-gully Creek, appears to occupy another small rock basin 
in the valley of the river, which must have been hollowed out by an 
eocene glacier. The importance of this inference will be seen when 
we come to speak of the Blue Spur. 

It is also evident that the Waitaki river existed in the lower 
eocene period, but that at that time, after passing the Maruwhenua, 
it flowed through the present valley of the Waireka. 

Valley of the Shag River, — This valley, although not very 
large, is very old, and is particularly interesting, as we can fix the 
date of its formation to have been in the eocene period. The proof 
of this is that the upper cretaceous rocks of the Horse ranges 
- (Waipara formation) form one side of its valley, while lower miocene 
rocks (Oamaru formation) are found lying horizontally in the centre. 
The valley^ therefore, must have been scooped out between the 
dates of the Waipara and Oamaru formations. At this time it 
extended into the Kyeburn, as proved by the marine tertiary rocks 
found near the coal mine, and it probably took its rise in Mount 
Ida. The eocene Shag River was therefore considerably greater 
than the present one. 

Subsequently, during the upper eocene and miocene periods, 
the valley was submerged and filled up with marine and volcanic 
rocks, Which were afterwards partly eroded out again during the 
older pliocene upheaval ; while at the same time the upper part of the 
valley, as far as the hard balsaltic rocks of the Hoandburn, was 
•worn away by the Upper Taieri glacier, and formed into part of 
the basin that was ultimately to become the Maniototo plains. 

Old Lake Basins of the Interior, — Tiiat the Maniototo plains, the 
Ida-burn valley, and the Manuherikia Plains, were once lakes that 
have been filled up, is proved by the nature of the rocks that fill 
them, and the occurrence of fossil fresh water mussels at Clyde, and 
Mainototo Plains ; and I havd already given my reasons for assum- 
ing that they were hollowed out by ice. 

The general configuration of'> the surrounding mountains 
shows that the Maniototo Lake was chiefly formed by the 
Upper Taieri glacier, and Ida-burn valley by the Pool-burn 
glacier, both these glaciers flowing north. Also the rounded 
form of the low narrow ridge of schist which separates the two 
where the Rough Ridge joins the spurs of Mount Ida, makes it 
appear probable that the Maniototo glacier joined that of the Ida- 
burn at that point, and that both together flowed round Blackstone 
Hill into the Manuherikia glacier. There is also some confirmatory 
evidence on this point. In the neighbourhood of Naseby large 
quantities of boulders of a white or pinkish highly metamorphosed 
.quartz conglomerate occur, and blocks of the same rock are also 
common in the Maruawhenua on the other side of the Kakanui 
mountains, and are occasionally found as far down as the Awamoko. 
I have not been able to find this rock in situ, but from the dis- 
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position of the boulders I tbiok that it will probably be found 
somewhere between Mount Ida and Kyebum Peak. Now boulders 
of this conglomerate are found all down the valley of the Manu- 
herikia as far as Clyde, and as the streams do not run in that 
direction now, it follows that they must have been taken into their 
positions by a different drainage system to the present OEe.* If 
this view is correct, the terminal moraine of all these glaciers would 
have been at Clyde and Alexandra, and the river running from it 
would have flowed down the valley of the Clutha. I have already 
said that I saw no trace of a moraine in this position, but it must 
be remarked that the mountains from which these glaciers would 
have been fed are round-backed, and tolerably equal in altitude ; 
consequently they would be almost entirely covered with snow. 
Also the Outha has had plenty of time to remove any moraine that, 
might once have existed there. 

We have now to try to account for the change in the system of 
drainage that took place after the disappearance of the glaciers, 
and which caused the Maniototo Lake to overflow into Strath- 
Taieri, and the Ida-burn Lake to break through the Raggedy Range 
near Black's. 

When the land began to sink, and the glaciers to retire, those 
of the Maniototo and Ida-burn would retreat much faster than that 
of the Manuherikia, as they were fed by the snows on lower ranges 
of mountains which are of nearly equal altitude ; and this differ- 
ence would be the greater if, as is probable, the Manuherikia glacier 
was a continuation of the Ohau glacier. If now we assume, as we 
reasonably may, that the Maniototo and Ida-burn glaciers had been 
greatly diminished, or altogether disappeared, while the Manuherikia 
glacier was still continued as far as Rlackstone Hill, lakes would be 
formed in the Ida-burn and Maniototo valleys, separated from one 
another by the Rough Ridge ; and if. the ice at Hills Creek was 
suflSciently hi^h, these lakes would be dammed back until they 
overflowed at the lowest place along their margins, which in the 
case of the Maniototo, would be into Strath Taieri, and in the case 
of the Ida-burn, into Manuherikia, above Blacks. Gorges would 
then be cut down in these plains which, by the time that the Manu- 
herikia glacier had retreated to the Hawkdun Mountains, might be 
sufficiently low to continue the drainage. 

To test the truth of this conjecture, it will be necessary to com- 
pare the levels of the tops of the gorges where the Taieri and Ida- 
burn quit their plains, with the lowest part of the ridge dividing 
them, and ascertain what thickness of ice would be required at 
Blackstone Hill to cause the lakes to overflow there. It will be 
noticed that this hypothesis makes no mention of the s^ond advance 
of the glaciers. This is because the second elevation was not suf- 

* The boulders containing tertiary fossils found at Alexandra may 
.also have come from the upper Shag Valley. 
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fioiently great to fonn glaciers of any size in the Lammerlaw Range, 
which is quite in accordance with our supposition that these glaciers 
had retired while the Ohau (j^lacier was still at Blackstone Hill, 
because, as we have already seen, the second elevation was only 
Fupposed to have made the Ohau glacier advance so far as to block up 
the Ohau River. It also explains why these old lake basins are 
entirely filled up, while those situated more in the mountains, 
having been re-excavated by the second advance of the glaciers, are 
still unfilled. 

The great length of time that has elapsed since the ice passed 
over this district, is shown by the extraordinary way in which the 
rocks are weathered. At a distance these hills look quite smooth 
and rounded, but on closer inspection the surfaces are seen to be 
fonned of numberless projections of solid rock, some ten or twelve 
feet high, with grass growing between them. It is to this that 
nifiny of the ranges owe their very suggestive names, such as 
Elnobby Range, Raggedy Ranp^e, Rough Ridge, Rock and Pillar, 
Aa This very peculiar style of weathering is different from any- 
thing that I have seen elsewhere, and I can offer no sufficient 
explanation of it ; but I would remark that it is confined to the dry 
inland district, and gradually disappears towards the coast. 

Valley of the Upper Clutha. — The old lake formed by the 
united glaciers of Wanaka and Hawea appears to have passed Crom- 
well, and extended up the Bannock-burn and Fork-burn Creeks, 
the outflow of the river from the glacier being probably into the 
Frazer River, and so into the Clutha. Not only does the shape 
and position of the old lake basin indicate this, but there are also 
reaaons for concluding that the Dunstan gorge, through which the 
river now flows, was not then in existence. In the first place, the 
abruptness and narrowness of the entrance to the gorge at Crom- 
well shows that it has never been the outlet for a large body of ice ; 
and in the second place the lignite deposits under the township at 
Clyde must have been formed in still, shallow water, which could 
ncyt have been the case if the Clutha then rolled through the gorge 
in the way it does now. 

It has already been said that lakes Hawea and Waiiaka are 
terminated by low moraines, which pass gradually into the broad 
gravel plains lying beyond them. — (Sec Plate III.) The peculiar 
shape of these moraines may perhaps be owing to the glaciers in 
their second advance having pushed the gravel beds before them. 
The plains themselves also are of interest as bearirjg on Dr. von 
Haast's theory of the formation of the Canterbury plains by rivers 
running from glaciers. The glaciers of Hawea and Wanaka, 
separated by a range of mountains, present a parallel case to the 
glaciers of Waimakariri and the Rakaia separated by the Malvern 
Hills, and the plains in Otago have certainly been formed in the 
way suggested by Dr. Haast But while the Canterbury plains on 
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either nide of the Malvern Hills are within a few feet of the same 
level, those of Hawea and Wanaka, although much closer together, 
differ in height by more than 200 feet, thus showing the great im- 
probability of the level plains of Canterbury having been formed in 
the same way. 

Lake Wakatipu District. — I have already said that the mor- 
aine that circles round the end of Lake Wakatipu behind Kingston, 
which is one of the best marked moraines in Otago, proves that the 
lake was once occupied by a glacier ; and I have already mentioned 
that a lateral moraine is found in places along the east side of the 
lake, which moraine is in part composed of rocks, such as sand- 
stone and greenstone tuff, which only occur on the western side. 
Now these sandstone boulders can be traced from Queenstown as 
far as Frankton, where they are covered up by the debris brought 
down by the Shotover, and I have not been able to find any more 
of them further down the Kawarau until we come to within a few 
miles of Cromwell, where sandstone boulders again occur, that have 
come down from Lake Hawea. From this we must infer that the 
glaciers that descended the Arrow and Shotover valleys did not con- 
tinue down the Kawarau, for they would have taken the sandstone 
boulders with them, but that they joined the Wakatipu glacier at 
Frankton, and then both together went down to Kingston, and on 
to Athol and the Dome Pass. When afterwards this glacier had 
retreated to Kingston, a lake was formed between there and the 
Dome Pass, which overflowed into the Nokomai, and cut the 
Mataura Gorge opposite Athol. Previous to this the Nokomai had 
been the source of the Mataura. 

While the main glacier of the Wakatipu was retreating, the 
smaller ones of the Arrow and Shotover were doing the same, and 
they were unable to reach Frankton long before the main glacier 
had retreated so far. Consequently a lake would be formed between 
Frankton and Arrowtown, which, dammed back by the ice of the 
Wakatipu glacier, overflowed into the Kawarau, cutting a gorge 
through what is now known as the Arrow Bluff, which was pre- 
viously the line of watershed between the Arrow and the Kawarau. 
By the time that the Wakatipu glacier had retreated as far as 
Queenstown, this gorge must have been cut so deep that it was 
lower than the lowest part of the moraine at Kingston, and conse- 
quently the whole of the drainage of the lake took this channel. 
Lake Hayes was afterwards separated from Lake Wakatipu by the 
detritus brought down by the Shotover. 

It must not be supposed that this method by which glaciers 
alter the former drainage system of a country is not paralleled by 
cases occurring at the present day, for the Lake of Moril, in 
Switzerland, is now held back by the ice of the Aletsch glacier, so 
that in floods it overflows into the Rhone by another channel, and 
if the present condition of things is continued long enough, this 
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channel will be cut sufficiently low to drain the whole of the lake 
that will be left when the Aletsch glacier melts away. 

Tuapeka District. — Seated on the top of the saddle that 
divides Monro's from Gabriel's Gully, is a deep cup-sbaped hollow 
in the schist rocks which has been filled up much higher than the 
present lips of the cup by gravels cemented into a hard blue 
conglomerate. This is the Blue Spur, famous for the immense 
quantities of gold that have been derived from it. On close inspec- 
tion this hollow is 8een to have been an old mountain tarn with 
smooth polished sides, which have, however, now decomposed into 
blue clay to a variable depth of from two to six inches. A^lthough 
I could detect no striae on the sides of the hollow, I have no doubt 
but that it was excavated by a glacier. This old rock basin is filled 
up with beds of conglomerate that dip to the east — (Fig. 6) — 
and as a rule the stones in the conglomerates get smaller toward 
the east, which, together with the direction of the dip, prove that 
the old tarn was filled up from the west. The conglomerates con- 
sist in great part of pebbles and subangular blocks of green quartzite 
and a dark purple jasperoid slate with quartz veins, which rocks do 
not exist nearer than the Tapanui mountains, west of the Clutha 
River. South east of Lawrence also, several other patches of con- 
glomerates are found at the Blue Lead, Waitahuna, at Manuka 
Creek, &c., all of which probably mark the position of an old 
valley which extended from the Tapanui mountains through the 
Blue Spur to Kaitangata. No appearance of such a valley can, 
however, be seen at present, and its supposed course is now crossed 
at right angles by the Clutha, and by the Tuapeka and Waitahuna 
rivers. Consequently this old river must date back to a time pre- 
vious to the formation of the present valleys ; and as we have 
already seen that the Clutha received the drainage of the pliocene 
glaciers of Maniototo, Ida-burn, and the Manuherikia, we must 
place the existence of the Blue Spur glacier during a still earlier 
upheaval ; that is to say, we must refer it to the eocene period. 
The auriferous conglomerates, therefore, would have been poured by 
the river into the old mountain tarn after the retreat of the glacier, 
caused by the subsidence that took place previous to the deposition 
of the Oamaru formation. There is nothing extravagant in these 
suppositions, for in the valley of the Waitaki we have collateral 
proof that eocene glaciers existed in New Zealand, and that gold 
existed in the rocks during the eocene period we have proofs in the 
auriferous sandstone of the Shag River — (ante p 17) — and in the 
auriferous conglomerates over the coal at Coal Point (ante p. 48.) 

Lowtr Taieri and Tohommriro District, — It has been already 
mentioned that a valley extends from the Silver Stream, behind 
Dunedin, through the Lower Taieri plain, Waihola Gor^e, and 
Tokoraairiro Plain to the mouth of the Clutha. The old moraine 
on the south east side of this valley, between the Taieri and the 
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Otokaia bas also been described. Now it is evident in the first place 
that this valley existed in the eocene period, and that its 
estuary was filled up by the Tokomairiro and Kaitangata coal for- 
mation in the lower miocene period ; and secondly that the valley as 
it now exists was again hollowed out when the land was elevated, 
for the tertiary rocks are left on either side of it at Waihola Gorge 
and Tokomairiro. It appears therefore probable that during the 
greatest elevation of the land in the older pliocene period, p:1a?iers 
came down Strath Taieri (it must be remembereti that the gorge 
between Strath Taieri and the Maniototo Plains was not at that 
time in existence), which being met by another large glacier coming 
down the Waipori, turned eastward, and had its terminal moraine 
between the Taieri and Otokaia. The river running from the end of 
this p;lacier appears to have cut down the gorge between Taieri 
mouth and the bridge, and when the glacier retired, this channel 
took the whole of the drainage of the Taieri, now reinforced by the 
addition of the Maniototo Plains to its catchment basin. We must 
also remember that since this period the whole of the valley up to a 
height of nbout 500 feet must have been submerged below the sea. 

Summary. — In this section we have seen that since the last 
great extension of our glacier system, the old lakes of Maniototo, 
Ida-burn, Manuherikia, and Upper Clutha have been filled up by 
debris brought down hy streams ; that the surfaces of the rocks that 
were formerly covered with ice, have been weathered to a depth of 
10 or 12 feet; and that the gorges of the Kawarau, Dunstan, 
Mataura, and Upper Taieri have been formed. So that in many 
places the drainage system of the Province has been completely 
altered since that time, and if to this we add the evidence adduced 
in the last section, viz., the alteration in the external Forms of the 
older moraines, the older river channels being filled up with gravels, 
and the depth to which the rivers have cut their new beds^ we can 
have no hesitation in placing the date of our last great glacier 
period far further back than the glacial epoch of the Northern 
Hemisphere. That all our lakes are not filled up is probably owing 
to the second advance of the glaciers which partially scooped them 
out again. 
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SECTION VII. 

Economic Geology. 

Under this head I propose to enumerate those substances that 
have a practical value to the immediate necessities of life, and 
which are more or less connected with geology. A full consider- 
ation in detail of many of them falls more into the department of 
the chemist than that of the geologist, for their exact value and 
uses can only be arrived at by analysis. The following account, 
therefore, only professes to describe what I have learnt from my 
own observations, and from the publications of previous observers, 
especially from the appendix A to the Jurors' Reports and Awards 
of the New Zealand Exhibition held in Dunedin in 1865, which 
contains a fund of information on the economic productions of 
Otago to which little has since been added. 



Ageicultueal Geology. 

This subject is one on which the opinion of a botanist would 
carry more weight than that of a geologist, for the nature of the 
crops that can gr(»w in a district depends more upon the climate 
than upon the mineralogical composition of the soil. It is also 
well known that owing to a variety of complicated causes, the soil 
of most countries varies considerably over very limited areas, and so 
intricate are the various combinations thus arising, that no country 
has as yet produced a map exhibiting all the peculiarities of its 
soils ; and it is probable that the advantage to be derived from such 
a map would by no means compensate for the expense of construct- 
ing it. I shall, therefore, confine myself to making a very few 
general remarks on the subject. 

The soils of Otago, taken as a whole, are decidedly above the 
average in quality, and this appears to me to be owing to the great 
extent of mica-schist exposed at the surface, the decomposition of 
which has supplied more or less directly almost all the soil in the 
Province. 

That this schist contains a considerable amount of lime, is 
proved by the incrustations of carbonate of lime found in nearly all 
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the caves in it, and the good quality of the soil derived from it is 
well seen in the Dunstan district, which is remarkably fertile when 
irrigated. 

These mica schist soils occupy nearly the whole of the interior 
of Otago proper ; but those of the Te Anau district and the north- 
em part of Southland are derived from the decomposition of slates 
and sandstones. Around the east coas% and in the south-western 
part of Southland, a considerable extent of limestone soil occurs, 
and this on the east coast is often intermixed with the debris of 
basaltic rocks ; a mixture which, theoretically at least, forms the 
finest soil in the world. The poorest land is found on the coal 
fields and on some of the tracbytic rocks near Dunedin, but it is 
limited in quantity. 

It is not the quality of the soil, but the mountainous nature 
of the country, that is the great drawback to agriculture in Otago, 
and this acts not only directly in the rocky and precipitous charac- 
ter of large parts of the Province, but also indirectly, by causing all 
the rivers to be mountain torrents, which have covered with gravel, 
and utterly spoilt large areas of what would otherwise have 
been fine alluvial soil. The gold miners are also now in league 
with the rivers, and we may feel sure that before many years are 
passed, considerable quantities of agricultural land will be either 
washed away or covered with " tailings." 

Coal. 

Although Otago does not possess any first-class coal suitable 
for steamers making very long ocean voyages, it is abundantly 
supplied with very excellent brown coal, lignite, and peat ; all of 
which are very valuable for different purposes. 

Peat — Very good peat is found on many of the mountains, 
especially on the Hock and Pillar, and Eough Kidge. Its import- 
ance in a treeless country cannot be over estimated, and I am of 
opinion that some steps should be taken to ensure its being worked 
to the best advantage, for at present a considerable waste is going 
on by allowing inexperienced cutters to take what they like. 

Lignite of pliocene age is found round the margins of nearly 
all the old lake basins, as at Kyeburn, Idaburn, Hills Creek, 
Welshman's Gully, Lawrence, Clyde, Cromwell, Bannockburn, 
Nevis, Cardrona, and Gibbstown. It no doubt exists in many 
other places in these basins, but so covered up by gravel as to be 
difi^cult' to find. The second way in which lignite occurs is in the 
older river valleys that existed before the time of the great newer 
pliocene depression. Such are the lignites of the lower Mataura, 
at Waimea Plains, Waikaka, Mataura Falls, dec. ; of the Clutha, at 
the Teviot ; of the Shag Biver, at Glovers ; and of the Waitaki, at 
Awamoko. In this division we may also place the lignites of Fair- 
fax, and Lovell's Flat, near Tokomairiro. I have not heard of any 
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having beea found up the Wniau, but it probably exists thera. In 
the newer river valleys, such aa the Lower Ahuriri, Dunstan and 
Kawarau Gorges, Oreti and Jacob's Ilivecs, it is not likely to occur, 
as these were not in existeuce during the great depresaiou when the 
gradual diminution in the velocity of the rivers favoured the for- 
mation of swamps, and couseqiiently the growth and accumulation 
of vegetable matter on their margins. The lignites near Invercar 
gill, and at Orepnki, may have been formed as estuarine depositb 
very slightly above the sea Jevel, or they may have been formed by 
swamps when the land waa considerably higher. 

These lignites vary very much in quality. Occasionally well 
preserved trunks of trees are found in them, and generally their 
vegetable origin is easily reoogniaed by the naked eye ; but occasion- 
ally they pass into a compact brown mass in which no structure is 
visible, and which cannot be distinguished from brown coal. They 
also ofteD contain large Jumps of fossil resin, or retinite, which is 
a proof that they have been formed to a great extent by the decom- 
podtion of ciiniferous trees ; but I am not aware that any attempt 
has yet been made to determine the plants found in them. When 
this is done we shall be able to form a better opinion as to their 
origin. 

The thickness of these seams is often very great, amounting to 
30 feet in some places, but like all lignite beds, they are- local and 
unconnected, and there is no certainty of any of them continuing 
far. 

The following are the only analyses of these lignites that I have 
been able to find. 
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* Omitting Idabum, wliicli must have been a very bad sample. 

These lignites always contain a consideiable amouut of sul- 
phur, and give out a very unpleasant smell when burning. 

Lignites belonging to the Pareora formalion are found at Coal 
Creek in Shag Valley, and in the Pomahaka, and probably that at 
Kauroi), near Oamam, is of the same age. I am not sure whether the 
lignite of Whaiie Cteeh, in the Takatimu Mountains, should not be 
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considered as a browu coal, and I n.m also uncertain whether it 
occurs under a pliocene lacrustine deposit, or whether it is covered 
by rocks belonging to the Pareroa formation. 

Brown Coal of eocene age is found in Big Gully Creek in the 
Waitaki, where it was worked in 1861 by Mr. A. Geddes, and at 
Green Island and Saddle Hill ; at Tokomairiro, Kaitangata, and 
Coal Point ; at Orepuki, and at Taylor's Creek, Morely Creek, and 
the Nightcaps in Southland. Thin seams of no value have also 
been found among the trachytes in Dunedin Harbour. The brown 
coal at Shag Point is of upper cretaceous age, while that of Preser- 
vation Inlet may be either eocene or upper cretaceous, probably the 
former. These localities include all the important coal fields of 
Otago, and I shall describe them subsequently. The coal in many of 
these fields is covered by marine rocks, and in this respect differs 
from the lignites already mentioned. It differs much in quality, 
but even the best is not first-class coal, its great fault being that on 
exposure to the weather it falls to pieces, and therefore it cannot be 
stored in large quantities, but must be used soon after extraction 
from the mine. Nevertheless it is a very valuable fuel, and well 
adapted for all household purposes, stationary engines, and river 
steamers. In Europe it is also sometimes used for smelting iron 
and for locomotives. It will also answer equally well for coasting 
steamers that do not require to lay in a large supply at a time. Its 
heating power is inferior to that of true coal, but this will be amply 
compensated for by its greater cheapness, and it will no doubt come 
largely into use throughout the Province when the railway system is 
more developed. The most economical way of burning it appears to 
be in a fire-box with an inclined perforated iron-plate instead of fire 
bars or a grate. The causes of the defects that I have mentioned 
are not well understood, although they are known to be connected 
with the amount of water in combination with the coal. They can- 
not be due simply to its age, as was formerly the general opinion, 
for in the valley of Zsil, in Transylvania, beds of real anhydrous 
coal occur, which are of tertiary age, but which have none of the 
defects of brown coal. In New Zealand also the eocene coals of the 
Bay of Islands and Whangarei are much superior to some of the 
cretaceous coal of Malvern Hills and Shag Point. Disturbance of 
the beds and subsequent drainage seems to have a very beneficial 
effect on coal. For instance the coal of Mount Hamilton, which is 
situated in a disturbed area, and near the top of a mountain, is far 
superior in quality to that of Shag Point which has been less dis- 
turbed, although both are of the same age. A^ain the coals of 
Kaitangata, Tokomairiro, and Morely Creek, which are elevated 
above the drainage level, are superior to that from Green Island, 
which is situated below the drainage level. These brown coal 
deposits differ from the lignites in being more regular in thickness, 
%Dd in extending over large areas, thus ennbling them to be mined 
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with greater advantage. Coal mining in the Province is at present 
a very simple affair, as the mines have only lately been opened, but 
.every year will increase the difficulty, and it is very important that 
the mines should now be opened in the best possible manner so as 
to insure in future years the winning of the greatest amount of coal 
with the least expense. That some of the coal mines are not now 
being worked in a satisfactory manner is owing partly to the great 
expense for carriage, causing a limited local demand only, which 
would not justify any great expenditure of money in laying a 
mine out properly ; but partly also, in my opinion, to leasing 
the coal pits for short terms, so that the lessee has no induce- 
ment to go to any expense in order to open out his mine 
properly, for the only effect of this proceeding would be to 
enable the lessor to raise the rent when the lease fell in ; and 
it is more advantageous for the lessee to limit himself to getting 
the coal out at once as cheaply as possible, without any reference to 
the future. The first cause will disappear with the opening of the 
railways, but the second cause can only be overcome by either sell- 
ing the coal mines or by leasing them for long terms, such as 99 
years. The first method would, in my opinion, be the most advan- 
tageous where no monopoly is to be feared, as all along the coast 
line, or where several pits are situated in the same locality ; for 
when a large sum of money has been sunk in buying a mine, the 
owners are not likely to let it lie idle. But in the interior of the 
Province, where there is no firewood, and where there are only one 
or two mines in the district, the 99 years lease system would pro- 
bably be the best, as the Government could then regulate the price 
of the coal at the pit's mouth. 

JUtuminoits Coal of Jurassic age is found in places from the 
Hokanui Hills to Catlin's Kiver, and the same formation extends 
under a considerable part of the plains between the Hokanuis and 
the sea, but it is here covered up by a thick deposit of gravel and 
silt. This includes an area of more than 1000 square miles, but 
over the whole cf it no seam thick enough to pay for working on a 
large scale has as yet been found. Such may, however, exist, but as 
each year goes by without finding it, the probability of its existence 
rapidly diminishes, especially as no good seam has been found in 
this formation in any part of New Zealand. 

Up a small creek flowing into the Otapiri, three thin seams 
have been discovered, none of them however exceeding six inches 
in thickness. Higher up there exists, according to Mr. J. R. 
Thomson, a seam of carbonaceous shale about four feet thick, but 
without any good coal in it. West of the Makarewa, coal has been 
found in several localities, but here also it does not exceed a foot in 
thickness. Coal has also been found at the Seaward Downs ; and at 
the Toi-tois, near the mouth of the Mataura, Mr. Brunton^ CsE.^ 
has been at considerable expense in exploring soma ou\.cto^^ oil ^^^ 
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by drives and a shaft. Unfortunatelj- Jiis Miccess has not. as yet, 
been Tery great, the coal seams being spoilt by numerous shale 
partings. The following is the section here as I made it out in 
Jannnry, 1872 :— 

feet. 
Conglomerate i „.^ 

Green sandstone ( " ' 

Fire clay, about G 

Coal with shale parttnga ].'. 

Dark grey shale 40 

Coal (7 thin seams vith shale) 6 
Qreen sandstone, about 30 

Conglomerate 15 -t 

Coal has also been found at Waikawa, and in the neighbour- 
hood of C'atlin's Itiver, but always in thin seams. 

The following analyses have been made by Dr Hector and 
Mr. W. Skey, of coals from this district : — 
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These analyses shew that, even if a thick seam with less ash 
were found, still the coal would probably be very inferior to that of 
Newcastle (N.S.W.). At present we cannot include this district 
among our coal fields. 

Moimt Ilamihoii. — Bituminous coal of upper cretaceous age 
but of good quality is also found at Mount Hamilton, but un for 
tunately the thinoess of the seams, and the small extent of the for 
mation put the practibility of working it quite out of the question 
It is situated near the aiimmit of Mount Hamilton, at an elevation 
of 3,500 feet above the plain of the Oreti. (See Fig 4.) The coal 
fonnatioii i* composed of yellow sandstone with thin seams of coal. 
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_ uuderUid by shales with several seams 

( ^^^ » •«.» . t'~^- "^ ^ of good black coal, the uppermost aad 

4r.' ■*? * » V* ',-ix thickest of which is only tea inches ia 

' ■ - ».Mi . « ' . " ■«. .. - ' ^thickness. The upper sandstone is fine 

. ggrai&ed, but in it I noticed a large 

\ angular boulder of dark gray sandstone 

- s i —(fig. 22)^meaauring eight feet by 

S?J'^»V *'■?"*'/'•'•*'•'•••' "^ ^^^' "* ""^ exposed face, no other 

**»,f,".*V»'5i',*JV,'V«' "it rested on the top of a thin coal 
„.„„„,,. , seam. I presume that there can be 

J^f: f'Z^^^Z 1 'w^o 'io"^t but that this boulder has 
Waiparaformatinii : r, sandstone been floated to its present position 
boulder. among the roots of a tree, and that 

therefore the coal beds are formed partly from drift wood* 

The following is the mean of two analyses of this coal made by 
Mr. W. Skey :— 

Water 1-63 

Fixed Carbon 4904 

Hydro-Carbon 3802 

Ash 9-80 

A. small seam of bituminous coal has also been found on Coal 
Island, Preservation Inlet, and I shall mention it again when 
noticing; that coal field. 

Coal Fields. 
The coal fields in a new country are generally soon found, and 
this is especially the case in New Zealand where the seams, lying 
usually among hills, crop out to the surface, and are easily 
recognised. The first published notice of coal in Otago was by the 
the Hon. W. ilaiitell, who mentioned in 1850, the occurrence of 
coal at Matakea Point (Shag Point). In 1855 Dr. C. Forbes of 
H.M.S. Acheron, described the coals at Saddle Hill and Preserva- 
tion Inlet. The Wairaki coal field v/as known to the settlers in 
1850, and during the same year the mine at Coal Point was opened 
in the Clutha field ; while the Green Island and Tokomairiro fields 
were opened in 18G1. So that all our coal fields were known 13 
years ago ; consequen'ly we cannot expect any important additions 
to them, except possibly in the Te Anau district, between the Lake 
and the Mararoa River, and also west of the Lower Waiau River, 
and in both these cases the coal, if ' it exists at all, will be found 
under the tertiarj' rockn near their junction with the slates. It ia 
also, of course, possible that a thick seam may be found in the 

"Dr. Hector reported oo this coal to the Provincial Government of 
Otasro in January, 1872, and said that it belonged t« the same formatioa 
as that of Otapiri and Waikawa. (Provincial Government Gaatit, Janu- 
ary 17, 1B72.) 
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Hokanuis or Waikawa district, but this could hardly be considered 
as a new coal field, as coal has been known in these localities for a 
long time although no workable seam has been yet discovered. It 
is not possible to give any approximate estimate of the total 
quantity of coal in the Province until topographical maps on a scale 
of six inches to a mile, have been prepared of all the coal fields, and 
the geology filled in on them in detail. This would be a very long 
and expensive process, and the results obtained would be entirely for 
the benefits of future generations, for we already known of suffi- 
cient coal to last for many years, as well as the most accessible 
places for working it. 

Shag Point Coal Field. — The coal at Shag Point was already 
known, and used in 1848, but the mine was, I believe, first opened 
by Mr. Hutchinson, in February, 1863. This coal formation 
extends inland from the north head of Shag River for about four 
miles to where the north road crosses the Horse Range. To the 
northwards it stretches as far as the south branch of the Otepopo 
river, a distance of twelve miles, and a small outlier occurs across 
the north branch of the Otepopo ; the whole area occupied is about 
26 square miles. The only previously published account of this 
field is by Dr. von Haast, who examined it in the autumn of 
1871, and his report was published in the " Reports of the (Geo- 
logical explorations during 1871-2" (Geological Survey of New 
Zealand). 

On its western margin this formation forms hills more than 
1000 feet high cut by deep ravines, but towards the east the hiUs 
are much lower ; the whole country, however, occupied by it is 
much broken. On the south the beds are considerably disturbed, 
and sometimes inclined at high angles, but towards the north they 
get more horizontal, and pass under the tertiary clays of Moeraki 
and Hampden. The lower part of the formation consists chiefly 
of conglomerates passing upwards into sandstones, which on the 
south are interstratified with beds of conglomerate that thin out 
northward. Coal has hitherto only been found in the southern and 
more disturbed part of the district, but I know of no reason why it 
should not also extend further north. 

Along the north bank of the Shag River, at least six workable 
seams can be seen, varying in thickness from 3 to 7 feet, and at the 
coal mine, near Vulcan Point, there are two seams, the upper one 
being 7 to 10 feet, and the lower 4 feet in thickness, and separated 
by 4 feet of shale. It is the upper of these seams that is at present 
being worked. Both these seams are probably identical with some 
of those previously mentioned, so that at present we cannot feel 
sure that more than six workable seams exist, the total thickness of 
which is probably about 25 feet. It will, therefore, be seen that a 
considerable quantity of coal exists in this field, but as we do not 
know how far the seams extend north, we cannot say how much. Dr. 
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Ton Haast estimates that in the 70 acres surrounding Shag Point, there 
are " about 1,600,000 tons of coal, which, in order to allow for 
possible disturbances or other causes by which this quantity of coal 
might be diminished, reduced by more than one third, would still 
leave us at least 1,000,000 tons of woi^able coal." I quite agree 
with Dr. Haast that this is a moderate estimate. 

This coal is the best of our brown coals. It contains little or 
no resin, but rounded pebbles of white quartz are sometimes found 
embedded in the middle of it, a peculiarity found also in the coals 
at Pakawau, near Nelson, and at Green Island. 

The following is the average of three analyjics made by Dr. 
Hector : — 

Water ... ... 16.57 

Fixed Carbon ... 43.15 

Hydro-Carbon ... 34.03 

Ash ... ... 6.58 

The formation may perhaps, also underlie the tertiary rocks at 
Bushy Park, south of the Shag River. But this is uncertain, for 
the conglomerates interstratified with the coal and shale at Shag 
Point, prove that the coast line composed of palaeozoic rocks, along 
which the formation was deposited, extended much further south 
than at present, and may have occupied the whole of the country 
south of the Shag Ri^er. But be this at it may, it is certain that 
if the Shag Point coal series underlies Bushy Park, it must be at a 
considerable depth ; for ss has been pointed out (p. 89), a large 
river occupied the Shag Valley in lower eccene times, when the land 
stood much higher than now, and this river must have excavated a 
deep valley through the coal series, which was afterwards filled up by 
tertiaiy rocks, as shown in Section VIII., which is an ideal repre- 
sentation of what probably exists under the mouth of the Shag 
River. Consequently I am of opinion that any attempt to find 
this coal south of Shag River, would not at present prove remuner- 
ative, even if it were successful. 

Oreen Island and Saddle Hill Coal Field. — This coal field 
occupies the valley of the Kaikorai stream, near Dunedin. On the 
west it is bounded by the mica schist ridge that runs from the 
Chain Hills, south of .Saddle Hill, to the mouth of the Otokaia. On 
the north it is overlaid, and probably cut off by the volcanic rocks 
of Flagstaff Hill, and on the east it is cut off by the basalts of 
Dunedin and Forbury. It has a length of about five miles with a 
breadth of two^ and a superficial area of about 9 square miles. 

The coal at Saddle Hill was mentioned by Dr. Forbes in 
1855, and a mme was opened at Fairfield in 1861. It was worked 
by a drive from a gully. The field, and the nature of the coal in 
it have been described by Dr. Lauder Lindsay in his lecture 
delivered in Dunedin in 1862, and afterwards in a paper on the 
tertiary coals of New Zealand, which was published in the 
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" TranBactiona of the Eoyal Society of Edinburgh for 1865. Dr. 
Hector reported on it in his departmental report of the Geo- 
logical Survey of Otago in 1864 ; in his first general report on 
the coal deposits of New Zealand in 1866 ; and in the reports of 
the Geological Exploratioii for 1871-2. 

On the western margin of the field the lower beds of the 
formation crop out to the surface, and dip gently E.S.E., but 
towards Caversham they become quite horizontal, consequentlY 
it is only on the western margin that the coal seams, all of whicn 
belong to the lower part of the series, come near the surface. 
In the centre of the valley the formation has undergone con- 
siderable denudation, and the coal series is here overlaid by clays, 
grits, and ferruginous conglomerates belonging to the newer 
pliocene or pleistocene periods. These upper beds also contain 
small seams of lignite with wood almost unaltered, which have 
nothing to do with the coal of the older formation. This denuda* 
tion however was not decD enough to afiect any of the coal seams. 
(Sec. IX.) 

Besides smaller seams two good ones, varying from six feet 
to fourteen feet in thickness, are known, and we may perhaps 
take eighteen feet as the average thickness of the known work- 
able senms. At present coal has been found only in the south 
west part of the field, but there is no reason to doubt that it 
extends to Flagstaff Hill on the north, and to Dunedin and 
Forbury on the east, although at the eastern boundary it will 
be at a considerable, but not unworkable depth. This would give 
about 155,000,000 of tons in the field, which after deducting the 
usual one-third, leaves more than 100,000,000 of tous available. 
This is the only field in New Zealand where the coal is worked 
by shafts. The following is the average of five analyses made by 
Dr. Hector of coals from this field : — 
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These analyses show that the coal, although very free &om 
ash, is inferior in quality to other brown coals, and it has more 
the appearance of a lignite than a brovm coal. 

Clutha and Tolcomariro Coal Field, — This field is situated 
on the sea coast from the Clutha to a little beyond the Toko- 
mairiro Siver, and is distant from Dunedin 'between 40 and 60 
miles. On the west it is bounded by the alluvial flats of the 
'^utha and Eaitangata Lake, and on the north by the northern 
ftse of Mount Misery, and the slate ranges between the Toko- 
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mairiro and Akatore Hivers. In shape it forms a broad triangle 
with a base along the sea coast of about 15 miles, and a height 
from the sea to the Tokomairiro Plains of eight miles, thus hay- 
ing an area of about 60 square miles. It forms a series of round 
backed hills, with deep valleys between, and attains its greatest 
eleyation (1098 feet) at the summit of Jiount Misery. Another 
small patch of the same formation lies on the north- west side of 
the Tokomairiro plain, between the Woolshed Creek and the 
Tokomairiro Eiver, but it is not yet known to contain any coal. 

The first coal mine in Otago was opened in this field at 
Coal Point in 1869, by Mr. J. Q-. Lewis, but it has since been 
abandoned, owing probably to finding coal in a more accessible 
position at Eaitangata. The coal field at Tokomairiro was 
opened in 1861. The only report on this field is that by Dr. 
Hector in his departmental report of the Geological Survey of 
Otago in 1864, wnich he afterwards reproduced with some addi- 
tions in the reports of Geological Explorations in 1871-2. 

In the southern part of the field, from Kaitangata to Wan* 
saloa, the beds are considerably disturbed, and occasionally 
multed, but in the northern portion, from Mount Misery down 
both banks of the Tokomairiro River on the edge of the basin, 
they dip slightly to the south, and then gradually become horizon- 
tal. (Sec. VII.) 

At Kaitangata the only seam that was being worked at the 
time of my visit, was between 3 and 4 feet thick, and dipped 
20® S.W., but since then I understand that a much thicker seam 
has been found better placed for working economically. Along 
the sea coast between the Clutha and Wangaloa, the low sea 
cliffs, some 15 to 25 feet in height, show several seams of coal 
varying from 5 to 20 feet in thickness. The sequence of the rocks 
here is not very clear, and the coal appears to vary a good deal in 
thickness, but it is evident that at least three seams with an 
average total thickness of 30 feet exist in this part of the 
field. From Wangaloa to the mouth of the Tokomairiro River 
no coal is seen, as the coal-bearing formation is covered up by 
newer rocks, but several seams are known to exist in the gullies 
more inland. South west of Mount Misery, and facing the 
Tokomairiro Plain, a fine seam belonging to Messrs. Finch and 
White, is seen dipping 15® S.S.W. This seam is composed as 
follows : — 

v/oai ••• ... ... ... ... ... u reel; 

Coaly Shale ... ... 2 „ 

vyLiiwX... •*• ... ••• ... ..a^O «, 



>-V'V 



Total 26 ^^ ^lOoi^ 

which gives a total thickness of 24 feet of coal. On the left side of 
the Tokomairiro River two or three seams at least are known to 
exist, varying from 6 to 20 feet in thickness. Apparently the 
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nuun seam is 6 to 10 feet thick on the margin of the basin, and 
swells out to over 20 feet tovFsrds the sea, but antil all the drivw 
and borings made in this part of the field ore connected together by 
an accurate survey, it is impossible to feel certAin whether these arft 
all tha same seam or not. The coals in this field are often covered 
by conglomerates or graveb, and I noticed that the upper edge of 
the coal seam^ are sometimes much eroded, and that fraffmenta cS 
the coal are found in the overlying conglomerate (Fig. 23) ; from 
which it wonld appear that the coal 
had become bard before it was eroded. 
Alluvial gold is found in these con- 
glomeratcs. It thus appeara that 
" although coal is found abundantly 
from one end of this field to the 
other, the seams vary considerably 
in thickness, and it would not perhaps 
Fig. 23.— Denuded coal. To- bg advisable to take more than 20 
"Sr^i.. ^X^^^'^.. f-t as their average total thickne^ 
tion; c, tragments of coal in o^er the whole held. Ihifl would 
conglomerate. give 1,152,000,000 of tons contained 

in the field ; and if we make the usual deduction of one third for 
barren ground, waste, Ac, it will leave 768,000,000 tons of avail- 
able coal. 'I'his is the largest coal field in New Zealand. 

The following table shows the composition of these coals. It 
IR compiled from analjises luade by Dr. Hector and Mr. W. Skey : — 




— 




11 
11 


it 


"Whole Field. 
(14 analyaea.) 


a™ 


Max. 


Min. 


"Water 

Tiled Carbon ... 
Hydro-Carbon... 


11-70 

43-fl3 
37-55 
5-91 


1409 

41-62 
33'28 
9-01 


15-86 
42-26 

35-63 
6-25 


1493 
42-56 
35-98 
601 


20-91 
48-70 

40-17 
12-30 


7-27 
86-57 
29-01 

330 



It will be thus seen that these coals very nearly equal that 
from 8bag Point in the amount of fixed carbon that they contain 
while the amount of wuter in them is slightly lesB. 

^airaU Coal Field. — This coal field is about 45 miles distant 
from InvercargiU. The formation here skirts along the southern 
bases of the Takitimu Mountains, and Wair^iki Downs ; from Tay- 
lor's Creek on the west, as far as the alluvial plain of the Jacob 
Biver on the east, a distance of about 18 miles. Near the Jacob 
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Eiver it has a breadth of about three miles which gradually 
diminishes westward, thus forming a narrow triangle, the apex of 
which is at Taylor's Creek, and the base at the southern spur of 
Mount Beaumont, called the Night-Cap. This will give an area 
of about 27 square miles. Another outlier is stated to lie at the 
base of Mount Twinlaw, but I did not visit it, and the coal may 
also probably extend under Sharp Ridge and Grassy Creek, towards 
the Waiau. 

This formation never rises to great altitudes, but forms low 
rounded hills. 

This field was reported on by Dr. Hector, in 1869,* and by 
myself, in 1872t 

The whole field appears to be considerably disturbed, but the 
beds have generally a S.W. dip ; if, however, the formation is con- 
tinued under Grassy Creek and Sharp Ridge, the beds may be 
expected to become flatter. 

At Taylor's Creek, a section is opened on the edge of the basin, 

and a seam of coal five feet thick 

is seen to rest on the edges of slates '«>«^o<r5^ 
and sandstones (Fig. 24). Ihe ^^^4||oo^«^Vo 



coal is here covered with shales 

and micaceous sandstone, the whole 

dipping 20''S.W. Following down 

the creek more black shales are seen ^ 

to overlie the micaceous sandstone. Fig. 24.— Coal at Taylor's Creek, 

which probably indicate the pre- Southland. Oamaru formation — a, 

sence of a second seam of coal, but g^-^el ; 6, micaceous sandstones ; c, 

the section stops suddenly. As the S*^®^''?''^ ' /' ehocol^e sliales ; e, 
.. , .^ -J i.1 .i. Dl^® shale; /, slates (Kaikoura f or- 

section here is evidently quite on mation). 

the edge of the basin, the seam of coal may very likely get thicher 
in a south-westerly direction. 

At Linton home station, two distinct seams can be made out, 
but the thickness of neither is known. The lower seam is overlaid 
by micaceous sandstone like that at Taylor's Creek, and the upper 
one is in the sandstone. This latter has a very uneven floor. The 
dip here is 25^ S.S.W. 

In the lower part of the Morely Creek, the following section 
can be seen : — 




* Progress report of the Geological Survey of New Zealand, 1869, pages 

iv. and v. 

t Beports of Geological Explorations, 1871-2 (Geological Survey of New 

Zealand) p. 93. 
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Yellow sandstone 20 + 

Blue marlstone (leaves and Vni^) 20 

Brown coal ... ... ... 3 

on&xe ... ... ... ... X 

Brown coal ... ... ... 2 

Shale (with leaves) ... ... 12 

Brown coal ... ... ... 2 

Shale (with leaves) ... ... 10 + 



70 + 



The whole dipping 25° W. b. S. 

Higher up the same creek the coal is found in several places 
covered by the same micaceous sandstone as at Taylor^s Creek and 
Linton, the thickness is 10 feet^ and the dip 25^ S. W. ; and at the 
west side of the Night-Cap the thickness is 1 1 feet, and the dip, 
according to Mr. J. R Thomson, is 1 1 ® E.S.E. ;* and at Opio 
Creek, it is 3 feet thick, with a dip of 15*^ E, also according to Mr. 
Thomson. 

A tolerably approximate estimate of the quantity of coal in 
this field cannot at present be given, but it certainly contains 
100,000,000 tons. 

Near the Morely Creek station, the coal was on fire for about 
u year in 1858-9, and about ten acres of it have been burnt out. 

The following is the average of three analyses of these coals by 
Mr. W. Skey and Dr. Hector : — 

Water ... ... ... 15.12 

Fixed-Carbon .. ... 47.16 

Hydro-Cai'bon ... ... 32.99 

Ash ... ... ... 5.06 

From which it would appear to be a very superior brown coaL 

Orepuki Good Field, — The Orepuki coal field is much smaller 
than the others. It occupies a part of the valley of the Waimea- 
mea, which rises in the Longwood Range, and runs into the sea south 
of the Waiau. It forms a triangle about 3 miles in breadth and 
one in height, and has consequently an area of about \\ square miles. 
The coal seam is only exposed in water-races, some of which have 
fallen in, and in no place was I able to measure its thickness. It 
is, however, evident that this is considerable, and, according to the 
miners, it is from ten to fifteen feet. The coal is situated at about 
a height of 1 50 or 200 feet above the sea, and about five miles from 
the beach. It is covered by dark, very tough shales, and the floor 
is composed of chocolate coloured shales. The upper part of the 
formation is soft, green sandstone, and the dip is 10° S.S.W. 

j : 

''^ Mr. Thomson gives two apparent dips as l\ inches to a foot to the 
south, and 2\ inches to a foot to the east ; from which it would result that 
tlie true dip is 11 ® E.S.E., and not to the N.N.E. as stated by Dr. Hector. 
(Appendix to the Journal of the House of Representatives, 1873, vol. H., E. 
10. p. 37.) 
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Near the beach the coal formation has been washed away, 
and a thick deposit of sands and gravels of pleistocene age has 

been deposited in its place. 
These pleistocene beds also 
contain seams of lignite, 
which are exposed in the sea 
cliff, and which have nothing 
to do with the brown coal 
_, „^ ^ , ^ ^ formation. This coal field is 

^SSJf •:;^''!iLf ^r^^^f %r about 20 or 25 mlles from 
sandstone and clay with li^ite (Pleis- -o- _*. mi. t ^^ 

tocene); h, coal formation (Oamaru for- Kiverton. The following is 
mation); c, slates (Kaikoiu-a formation), an analysis of the coal made 

by Dr. Hector : — 

Water ... ... ... 19.10 

Fined Carbon ... ... 41.10 

Hydro-Carbon ... ... 37.20 

Ash ... ... .. 2.G0 

Preservation Inlet Coal Field. — The formation in which this coa 
field is situated occurs quite at the south west corner of Otago. Owing 
to its inaccessible position, it has not yet been properly explored, but 
as well as I could judge from the steamer, appears to commence 
at the Green Islets, and to extend continuously to Preservation 
Inlet. It occurs also at Coal Island ; at the point between Preser- 
vation aud Chalky Inlets, ard on Chalky Island, forming a strip of 
low hill, thickly covered by bush, about 13 miles in length by four 
in breadth at Preservation Inlet, and tapering to a point at Green 
Islets. Omitting all north west of Preservation Inlet, the area thus 
mentioned would be about 26 square miles. It is, however, only on 
the east side of Preservation Inlet that a workable coal seam has 
been found at present. Here two good seams, each about three feet 
in thickness, are found between Otago's Retreat and Puysegur Point. 

The first of these is just 

^ j^^yT^ round the point opposite 

^^^^^J^^>\ « the soutb end of Coal 

*T w ^v^^^x^^'tlfc^b'5^'''^'^ c^ ., Island : a road has been 

y<^?^,V^^!d^^^C^x%» made to it from Otago s 

^ • --«»^ •^^ • -^ ^* Retreat, and the seam 

otiigo's Retreat. has been opened by a 

Fig. 26. — Coal at Preservation Inlet : o, coal small drive. The seam 

seam. here dips 25^* W. (Fig. 

26.) The coal is a good brown coal, like that of the Clutha field, and 
contains a considerable quantity of resin. Above this are several 
other quite small seams. The other workable coal seam cropg 
out on the shore about half-way between the last and Puysegur 
Point; and dips about 15^ "W. 
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I was not able to examine personally the coal strata on Cot'd 
Island, but no workable seam has been found there. Dr. Hector 
reports that on Coal Island the only seam of coal he found dipped 
15® K in one place, and to the west a few hundred yards oflEl It 
was only four to niiie inches thick, but the coal was of good quality, 
quite equal to the Sydney coal that he had on board. Re also dis- 
covered another small seam, six to fourteen inches in thickness, at 
Price's Beach, a small bay lying north east of Quiche's Head ; but 
the quality of coal in this seam was inferior to that on Coal Island. 
It would be useless to tiy to estimate the quantity of coal in this 
field until more is known about it. 

This coal field was first mentioned in 1855 by Dr. C. Forbes, 
of H.M.S. Acheron ; afterwards by Dr. Hector in 1863, and again 
in 1873 ; also by Mr. A. Johnstone in 1862. A company was 
formed in Dunedin to work it, and Captain Greig, late Harbour 
Master at the Bluff, went there to make a report. It was this party 
that formed the road from Otago's Retreat to the first workable 
seam, and made a drive 90 feet in length into it. He informs me 
that the seam commenced with a thickness of two feet, increased to 
three feet three inches, and then decreased again to two feet four 
inches. He excavated 45 tons from this drive. This company has 
now abandoned the ground. 

The following analyses by Dr. Hector and Mr. W. Skey will 
show the composition of both qualities of coal in this field : — 
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Hydro-Carbon ... 
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BiTUMiNrors Shale. 

Bituminous shale is found near the head of the Waitati Stream 
behind Dimedin. The first distinct outcrop of the shale is in the 
bed of the stream about half a mile above the point where the Blue- 
skin track crosses it. The shale here (h) is about six feet in thick- 
ness, and is underlaid by a thin bed of what appears to be a very 
good fire clay ; below this is a clayey sandstone with peculiar white 



Economic Geology 



111 




markings about two feet 
thick, and below this comes 
a considerable thickness of 
the Caversham sandstone (c). 
The beds here dip 18° S.W. 
About 20 chains up the 
valley another outcrop of the 
shale is seen, forming a pre- 
cipitous cliff on the side of the 
Fig. 27.— Bituminous shale, Waitati. valley (V), The shale in this 
tz, basalt ; ft, h'\ bituminous shale ; c, place is about 18 feet in 
Caversham sandstone. thickness, and is underlaid 

by the same beds as are below it lower down the valley, 
and is covered by basaltic rocks («). I could not make out the 
dip with accuracy, but it seems to be slightly to the east. This 
portion of the strata appears to have been thrown up by a fault 
that crosses the valley in a N.W. and S.E. direction. (See 
Eig. 27.) 

The fact that the shale thickens from G to 18 feet in a distance 
of 20 chains, makes it appear likely that this great thickness may 
not be retained for any considerable distance, but the country is so 
thickly covered with bush that it will be difficult to trace the out- 
crop. But, however this may be, an abundant supply of material 
is evidently available, and it is most advantageously situated for 
extraction. 

Professor Black informs me that this shale contains 42 gallons 
of crude oil per ton. 

Another bituminous shale, equal in quality to that of Waitati, 
is found at Orepuki, and others have been reported from IVIount 
HamiUonj Otapiri Creek, and Wyndham River. No doubt abund- 
ant supplies of these shales will be found in the];Putataka formation. 

EooFiNG Slate. 

Very good slate has been discovered in the Otepopo district, on 
a branch of the Kauroo River, 'i'hese slates belong to the Kakauui 
formation, and it is probable that they may also occur at other 
places situated in the area occupied by this formation (see map) ; 
but I doubt if they are likely to be found in a more accessible place 
than the present discovery. 

These slates split very freely, but the cleavage is not true slaty 
cleavage, for it evidently follows the the plane of the bedding. On 
the other hand it is not ordinary lamination. It appears to me to 
be a spurious cleavage induced along the original plane of bedding 
by vertical pressure when the slates were undergoing a slight meta- 
morphism. But although these slates are not equal to the best 
Welsh slates for purposes that require a ground or polished surface, 
they will, I think, be found nearly equal to them for roofing. Their 
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hardness is quite sufficient, and that they will stand the weather 
perfectly is proved by the excellent state of preservation of sur- 
mces long exposed to the weather. I saw large blocks, looking 
as sharp and &esh as if they had been just detatched from the 
rock, which were almost buried in the vegetation that had grown 
up around them ; while at the same time the very small amount 
of vegetation (confined to lichens) growing on the exposed sur- 
faces shew that they do not readily absorb moisture. They will 
also stand well a hole being knocked through them with a 
slater's hammer, not a single one splitting that was tried. The 
waste in working a slate quarry is generally supposed to be five 
tons to one of marketable slate, and it is therefore very impor- 
tant for the economical working of a quarry that it should be so 
situated that this large waste can be got rid of without much 
expense. This can be easily secured in the present locality. 

Flag Stones. 

In a letter of Dr. Hector to the Superintendent* he men- 
tions that Mr. Howell had informed him that extensive beds of 
good flagstones are found in accessible positions at Preservation 
Inlet. I do not know what localities were meant, and the sub- 
ject never appears to have been mentioned again by Dr. Hector. 
Inferior stones for paving could be got cheaply from the gneiss 
in most of the Sounds, but they would not be equal to proper 
flagstones. However I believe that gneiss, mica schist, and 
hornblende schist are all extensively used for pavements in the 
United States. 

Building Stones. 

As the building stones of Otago have been so ably des- 
cribed by Mr. W. Blair, C.E.,tit will be unnecessary for me to do 
more than make a very few remarks on the subject. 

Sandstones, — These are almost entirely confined to the 
Putataka and Waipara formations ; the older rocks being too 
much jointed, and the newer ones seldom being hard enough for 
use. However there are a few exceptions among the ferruginous 
grits of the Oamaru formation, and the white hard sandstones 
(sarsen stones) of the lacrustine beds in the interior. Sand- 
stones of good quality are found in the Horse £ange in the 
Hokanui Hills, and between the Mataura and Catlin*s Kiver, but 
although valuable locally, they are not likely to come into 
general use. 

♦Provincial Government Oazette, June 17, 1863. 

t On the building materials of Otago. Fart I., building stones. Bead 
before the Otago Institute, July 13, 1875, and published in the news- 
papers. 
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Limestones, — The most important building stone in the 
Province is undoubtedly the Oamaru limestone. Its beautiful 
-color, and ease of working, combined with its hardening on 
exposure, make it a most valuable building material. The 
absorbent nature of this stone naturally throws a doubt on its 
capability of resisting the action of the atmosphere of a town ; 
but hitherto the oldest buildings of it in Dunedin have not 
suffered in the least from this cause, except by loss of color. 
This stone is exactly similar to the limestone of Malta, of which 
the town of Valetta is built. Many of the buildings of that 
town are of very great age, and show no sign of deterioration, 
although those portions of the fortifications that are exposed to 
the spray of the sea are very much decomposed. 

JBlueatones, — ^This is the name applied in the Colony to all 
kinds of volcanic rocks used in building. These are generally 
€ither trachyte breccia, or basalt The former, which when good, 
is decidedly superior to basalt both in color and durability, is 
only found in the neighborhood of Dunedin Harbour. Very 
excellent quarries are opened both at Port Chalmers and Dun- 
edin, and it is used largely in Dunedin for all the more sub- 
stantial buildings. Basalt is found in many parts of the Pro- 
vince as well as near Dunedin, and will in time no doubt be 
more extensively used than at present. 

Granite^ Sfc, — Large quantities of granite are found in 
Preservation and Chalky Inlets, but it is very coarse grained, and 
probably, therefore, liable to decomposition, and except for inside 
pillars, for which purpose its color is well suited, I do not think 
that it would be a safe stone to trust to. The whole of the 
other West Coast Sounds seem remarkably bare of good building 
stone in sufficient quantities for use ; but the syenite of the 
Bluff Hill is of excellent quality, and far superior to anything on 
the West Coast. It is also more accessible for working. Good 
syenite will no doubt also be found at Stewart Island, but I do 
not know of a locality for it, all the eruptive rocks Ihat I have 
seen from there being very coarse grained. 

Mateeials capable op BEiiJO Polished. 

A very pretty grey marble, streaked with white, is found in 
abundance at Blue Mountain in the Horse Eange, where it is 
burnt for lime. Although very much jointed at the surface, it 
may improve as the quarry is developed, and I think that blocks 
of sufficient size to make^ chimney pieces, pillars, &c., could be 
obtained. 

There is also a black limestone, with shells, somewhere near 
Tokomairiro, that would make a very handsome black marble. I 
do not know the exact locality of this limestone, and have only 
seen hand specimens of it. 
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The so-called " statuary marble "* from the "West Coast, 
although beautifully white, is of a totally different texture from 
true statuary marble, having internally a coarsely crystalline 
texture, which would cause it to split under the chisel, and would 
of course quite unfit it for statuary purposes. 

Lime. 

Limestones fit for burning into lime are found in many 
places near the sea board of Otago, and also at Lake Wakatipu ; 
all, except the marble of ITorse Range, belonging to the Oamaru 
formation. 

In the interior also stalactites and stalagmitic incrustations 
are found in the caves in the mica schist rocks, and near Clyde a 
travertine, that has been deposited by a small stream running 
from the schists, is burnt for lime. 

Several analyses of these limestones will be found in the 
** New Zealand Exhibition Jurors Eeports and Awards, App. a, 
p. 448.** But it is not necessary for me to reproduce them here, 
especially as I have not been able to identify the localities of 
many of them. 

The great increase in the use of concrete for building has 
made the manufacture of Portland cement a very important 
industry, which it would be highly advantageous to introduce if 
possible into the Province. Portland cement is said to be manu- 
factured from pure carbonate of lime (chalk) ground under 
water, with the mud from rivers running through a limestone 
district. If this latter is necessaiy, it appears to me that of all 
the rivers in the Province, those near Oamaru arc most likely to 
furnish the best material, and probably the neighborhood of 
Kakanui mouth, would be found a suitable place for establishing 
this industry. 

The Hampden boulders (septaria) would, no doubt, also 
furnish an inferior cement, but I think that the supply of the 
material #ould be found very limited. 

Mateeials for Potteby, Glass, &c. 

Very good clays for making pottery are known from several 
places in the Province, and they will probably be found in all the 
old lake basins. A deposit of kaolin, formed from decomposing 
granite dykes has been discovered in Stewart Island, but I do 
not know its exact locality, nor its extent. Kaolin is also stated 
by Dr. Hector to occur at Manuherikia Plains, Arrow Eiver, &c.t 

I have seen very good specimens of potash felspar from Stewart 
Island, where it is said to occur in veins in sufiicient quantity for 
use. Mr. W. F. Kinnear has shown me water- worn specimens of 

* Jurors Exports and Awards, p. 294, and App. A, p. 391. , 
t Jurors' Eeports and Awards, p. 267. 
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excellent red flint, from Tapanui, but I do not know in what 
quantity it occurs, nor from what formation it is derived. Flint 
can, however, be obtained from Amuri Bluff, in the Province of 
Nelsoq. 

Quartz sand is of course common, but probably the best 
material would be obtained from crushing the quartz gravels of the 
gold washings. Oxide of lead, soda, oxide of manganese, and salt- 
petre, would have to be imported, but the manganese can be obtained 
at the Bay of Islands. 

The establishment of glass works in Dunedin is an undertaking 
that could hardly fail to be remunerative, and is one that would be 
of great benefit to the whole Province. The saving effected by 
using up all the old glass would by itself be au important consider- 
ation. 

Good fire clays are found in most of the coal fields ; they are 
always much improved by long exposure to the weather. 

Grinding and Polishing Materials. 

Good sharp sandstone, or gritsstone, suitable for grindstones, is 
found in the Horse Range, while whetstones, and scythe stones 
could probably be supplied from some of the more arenaceous mica 
schists, as at Mount A.lta. Hone slate and Lydian stone are not 
uncommon in the Kakanui and Kaikoura formations ; and polish- 
ing power (di^tomaceous earth) is found in Strath Taieri, and 
probably also in some of the other old lake basins. 

Gold. 

Gold mining in the Province is the subject of a separate report 
by Mr. Ulrich, and I shall therefore confine myself to making a few 
remarks on those points that belong more to a geological than to a 
mining report. 

Tt has been already pointed out that we have in the sandstone 
of the Shag River (ante, p. 47), in the conglomerates over the coal 
at Wangaloa (ante, p. 48), and probably also in the Blue Spur 
(ante, p. 93), evidence of gold drifts having been formed in the 
eocene period ; consequently the age of any of our gravel beds will 
not affect its auriferous character, the oldest being quite as likely to 
contain gold as the newest. 

It has also been pointed out that during the later oscillations 
of the land the ri^rers have filled up their beds during subsidence, 
and that some of them have excavated fresh ones during the subsej 
quent elevation. Consequently, if deep leads are defined as 
auriferous gravels formed in old river beds which have afterwards 
been filled up, many must certainly exist in Otago, and in the case 
of the Shotover, Lammerlaw Creek, <fec., these deep leads have 
already been found. But owing to the mountainous character of 
Otago, and to the fact that the principal river valleys were in exist- 
ence long before the oldest gravels and cements now remaining were 
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formed, the deep leads of Otago are very different in cbaracter from 
these of Victoria. Our deep leads are confined to the neighbour- 
hood of the present rivers and streams, and must be always more 
or less parallel to them, as both the old river channel and the 
present one are but different cuts in the same great valley. Owin^ 
also to the last elevation of the land having been longer continued 
than the one preceding it, the rivers now run at lower levels than 
they did in their old channels, and therefore most of our deep leads 
will be at higher elevations than the surface workings in the 
neighbouring streams. This is, of course, very advantageous in 
working them. 

The terrace formation, which was formed by the rivers during 
subsidence of the land, is intermediate in age between the old gut- 
ters and the drifts at present forming, and the workings in it are 
also intermediate between deep leads and shallow workings, but I 
do not know that they call for any special remarks. 

The previous observations apply only to those deposits that 
have been formed by rivers, and not to the old lake basins, the 
chances of finding deep leads in which must be discussed 
CBparately. 

If we suppose a valley through which a river was running 
to have its slope gradually reversed by unequal elevation or 
subsidence of the land, it is evident that the velocity of the river 
would gradually diminish until the water was stationary, and a 
lake was formed, and that this lake would then gradually increase 
in depth. The streams on the sides and at the head of the lake 
would form deposits of gravel, probably auriferous, at their 
mouths, while the finer material, freed from gold, would form a 
bed of clay on the bottom, covering up the old river gravel. 

The gravel deposits at the 
mouths of streams continu- 
ing to increase at each 
flood, would constantly ad- 
vance further into the lake 
and cover up the clay, 
(Fig. 28.), until ultimately 
the lake would be filled up, 

Fig. 28.— Section through River fan form- and the river would once 
ing in a Lake : a, Grarels and sand ; b, ^^^^ ^^^ uninterruptedly 
clay. 
through the valley, but on the top of the lacrustine beds. 

The extent to which these gravels would be advanced towards 
the centre of the lake would depend upon the relative proportions of 
gravel and finer material poured into it. If the amount of fine 
material was small, the gravel deposits on either side might advance 
across the lake until they met one another. If, on the contrary, the 
fine material was in excess, the luke might be filled up by clay 
before the gravels had advanced far from the margin. 
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If on the other hand the I Ae, instead of having been formed 
by unequal movements of the land, had been scooped out by a 
glacier, the hollow left when the glacier melted away would be at 
once filled by still water forming a lake. The filling up process 
would then commence as in the last case, but as no river had ever 
run along the bottom of the lake there would be no river gravel for 
the clay to cover up, only the angular unaorted fragments of rock 
that might have dropped off the glacier as it melted away. But 
this would not be the only difference, for the glacier formed lake 
would for a long time after its formation be fed by streams flowing 
from glaciers, which bring down a far larger proportion of tine mud 
than ordinary streams. Consequently in a glacier formed lake not 
only would there be no deep lead along the bottom, but the lateral 
gravels would have less chance of pushing far into the lake than in 
the other supposed case. 

I have already given — (ante p. 87) — the reasons that have con- 
vinced me that the old lake basins in this Province have been formed 
by glaciers, consequently I am of opinion that no deep leads exist 
along the bottom of them, and that the auriferous gravels are con- 
fined to those parts of the margin of the old lakes immediately 
adjoining the mouths of the streams that ran into them. It must, 
however, be remembered that in many case? these streams did not 
fall into the lake at right angles to it, but often very obliquely, and 
the gravels, therefore, would be carried in the direction of the 
streams and not straight across the lake. 

We must aLo remember that during the course of the gravels 
down the river the gold gets separated from its matrix, and fails to 
the bottom, where it gets collected together, but it is very gradually 
pushed down the stream during floods by the violent movement of 
the gravel over it. But when these gravels and gold get pushed 
into the lake, they get scattered over the fan shaped deposit 
forming at the mouth of the stream — some being pushed one way 
and some another, and being now in still water there is no further 
movement to bring the gold together. Consequently the gold in 
these deposits is not collected in such definite leads as in the beds of 
rivers, and it is seldom that these deposits would be rich enough to 
pay except by hydraulic sluicing ; consequently all these deposits 
when situated below the surface drainage of the country are useless. 

The difference between these ideas on the distribution of gold, and 
those of Dr. Hector, published in the Otago Provincial G-overnment 
Gazette, for September 3rd, 1862, are due partly to Dr. Hector con- 
sidering the old lakes to have been caused principally by the subsi- 
dence of the mountains, which, he says, " appear to have sunk more 
rapidly where most lofty and massive,"* and partly tojhis thinking 
that rivers play a very minor part in liberating gold from its matrix. 
He says, " bearing in mind the now well established fact that after 

* Progress report of Geological Survey, 1868-9, p. vi. 
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the original wearing down of lie rocky matrix, the mechanical 
liberation of its contained gold has been effected for the most part 
by long continued wave and current action, either in the sea or 
large inland lakes, and that the comparatively feeble and limited 
action of streams has merely exerted an ever-recurring sifting and 
sorting influence on the materinls thus prepared, we can at once 
perceive that in this rock-bound basin the conditions have been 
most favourable for retaining and assorting the debris formed by 
the degregation of the surrounding schists during the submergence 
of the lands in tertiary times." 

These views are of course quite different from mine, and I 
think different also from those of most geologists, but as Dr. Hector 
has re-asserted the correctness of his opiuion,t ^nd stated that it has 
" now been well established by the results of the workings on the 
different gold fields," I think it desirable to reproduce it here in 
order that the reader may have both views liefore him to choose 
from. 

It has been already said that the gold in the Province has been 
chiefly derived from the schist rocks, and the only important excep- 
tion to this is at Orepuki. Here the country consists of slates and 
sandstones pierced by dykes of eruptive rocks. Exactly the same 
geological conditions extend to Stewart Island, and to Preservation 
Inlet,- and it is quite possible that a gold field may exist wedt of 
Waiau, in the neighbourhood of Howloko and Monowai Lakes. 

But it must be remembered that in the schist rocks the con- 
ditions are similar over large districts, and the gold is more or less 
universally distributed and easily found. But in the slate rocks 
the favour.able conditions are local, and the gold consequently will 
be local also. This is probably the reason why gold has not been 
found in the north part of Stewart Island, for the geological con- 
ditions appear to be very favourable. 

Ikon Ores. 

Haematite, of excellent quality, containing 94 to 96 p.c. of 
oxide of iron, is found near Maori Point on the Shotover, where it 
is said to occur in a lode six feet thick. As good limestone is found 
at Lake Wakatipu, and brown coal at Gibbstown, about 18 miles 
distant, it is possible that in time iron works may be established 
here with advantage. 

Haematite is also found in the vicinity of Port Molyneux, and 
coal could easily be obtained ; but lime would have to be brought 
from Waihola hy rail, or fh^m Dunedin by sea. 

Very good clay iron ore exists near 'I'okomairiro, and as lime- 
stone and coal are both found in the immediate neighbourhood, and 
a railway runs through the district, the conditions are very favour- 
able for an iron foundry, provided the ore can be obtained in 
'iflScient quantity. ^ 

, t Progress report of Geological Surrey, 1868-9, p. vi. 
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* 
From MaruawheDua, I have also received excellent samples of 
day iron stone, and here also limestone and coal are sufficiently 
near. 

b Titaniferous iron sand is found in considerable quantity at Port 
William in Stewart Island ; but lipiestone would have to be brought 
from Winton, and coal from Kaitangata or the Wairaki field. 

Brown coal is used in Germany and Austria for the manu- 
facture of iron with the application of step grates, such as are 
described in Mr. Ulrich's report. 

^ CoPFEB Obes. 

The copper lode at Moke Creek, Lake Wakatipu, was dis- 
covered in about the year 1863, and up to the present time is 
the only one of any importance known in the Province. Mr. 
Hacket in his report, descrhes it as a true lode, 1^ feet thick, 
striking with the country rocks, but dipping at an angle of only 
15^, while the strata dip at 50®. Another lode near Waipori 
was discovered about two years later. 

Copper, when it exists in quantity, is of all metals the most 
easily found, for it generally covers the neighbouring rocks 
with large green stains. And as the Province has been exten- 
sively prospected for the last 10 years without any further dis- 
coveries, it is improbable that other lodes exist, except perhaps 
in some of the West Coast Sounds. 

Antimont Obes. 

Stibnite is found in considerable quantity at the Arrow 
River, Cariick Eanges, Waipori, and other places. At present 
antimony ore is exported from Borneo to England and America, 
where it is principally used in forming the alloy for type metal. 

TUNGSTATE OP LiME. 

This mineral occurs rather plentifully in the Wakatipu, 
Shotover, and Arrow districts, where from its weight and color it 
is called " white Maori " by the miners. It is possible that it 
may have considerable economic importance, and that it might 
pay to collect and export it, but I am not aware whether its 
value has yet been tested in the London market. 

Alfm. 

Alum shales are found at Waikouaiti, but it is uncertain 
whether they would pay to work. It will also probably occur in 
most of the brown coal fields, but as it could be manufactured 
much more cheaply in some of the volcanic districts in the North 
Island, it would hardly be advisable to try it here. 

Retinite. 

This fossil resin occurs in such abundance in some of the 
lignites, that it would probably pay to collect it for the manu- 
facture of varnish. 
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Wateb Supply. 

The water supply of towns by artesian wells is the only 
geological question that need be discussed under this head, and 
Invercargill and Eiverton are the only towns where the con- 
ditions appear to be fevourable for obtaining water by this 
means. These towns are built on a series of gravels, silts, and 
clays, which rise in altitude from the sea, until they skirt round 
the bases of the Hokanui and Moonlight Ranges. These gravels 
rest upon a tolerably level platform of sandstones similar to those 
in the Hokanuis, and as these rocks appear near the surface i^ 
the Seaward Downs, it is probable that they are present at no 
very great depth under lufercargill. Eain water from the inland 
mountains probably percolates through the lower beds of the 
gravel series, and finds its way slowly into the sea ; and if a bed 
of clay underlies Invercargill, and extends far enough inland to 
rise to a higher level than the town, the conditions will be favor- 
able for obtaining water by artesian wells. For if this clay were 
pierced by a bore-hole, the underlying water would nse up 
through it in preference to forcing its way out to sea. Whether 
this assumed bed of clay exists or not it is of course impossible 
to say, but the chances are in favour of it, and it is well worth a 
trial. 
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Sections, all made in 1862 — 

*Coa8t between the Qutha and Coal Point. 

Oamaru Cape. 

Otepopo River, seven miles from the mouth. 

Junction of Moeraki, series with schists on the Otdt>opo river. 

*Chain Hills to the sea. 

*Taieri Plain to the mouth of Kaikorai Stream. 

Chain Hills to Flagstaff HilL 

Coal strata on Mataura Kiver. 

Tertiary strata of Upper Pomahaka, and enlarged diagram of 

the same. 
Right bank of the Manuherikia River. 
Right side of the Clutha at Moa Flat. 
Lower Manuherikia Valley. 
Tokomairiro to Lammerlaw Ranges. 
Portion of the same near Lawrence enlarged. 

* These have been since published by Dr. Hector, to illustrate his report 
on the Clutha and Green Island coal fields. (Geol. Expl , 1871-2, p. 165.) 
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List op the Mikebals op Otago. 

O.M. means that the mineral is represented in the 
Museum by specimens from the Province. 

Caebon and its CoMPouims. 

1. Graphite — Pew's Creek, Dunstan; West Coast 

(Hector) ... 

2. Eetinite — Common in lignite ; Caversham, in sand- 

s rone ... .». ... ••■ .•• 

Haloii) Mineeals. 

3. Glauber Salt — Mount Nicholas Cave, Lake Wakatipu 

4. Gypsum— Moeraki; Awamoko ... 
6. Calcite — ^Abundant 

6. Aragfpite — Dunedin , in basalt ... 

7. Epsomite — Murison's Station (Hector) 

8. Alum — Tokomairiro, "Waikou'aiti, &c. 

9. Wavellite — Stewart Island (Hector, Cat. Col. Mus. 

p. X^D^« ... ... ••• ... ... 

Eaetht Mdteeals 

10. Quartz — Abundant 

11. Chalcedony — Otepopo, Moeraki, Mount Charles 

12. Jasper — Moeraki (Plasma of Hector), Clutha, &c. ... 

13. Chert — Moeraki, &c. ... 

14. Hyalite — Dunedin, in Phonolite... 

15. Talc — ^West Coast, in quartz (Hector) 

16. Steatite — Milford Sound (Hector) 

17. Chlorite — Queenstown, &c., in schist 

18. Serpentine — Windley Creek 

19. Marmolite — Anita Bay 

20. Nephrite — Anita Bay ... ... # 

21. Schiller Spar — West Coast (Hector) 

22. Augite — In basalt, &c., abundant » * 

23. Diallage — In Gabbro, McKerrow Lake ... 

24. Hypersthene — West Coast (Hector) 

25. Bronzite — West Coast (Hector) 

26. Hornblende — Abundant 

27. Tremolite — Milford Sound (Hector) 

28. Asbestos — Milford Sound (Hector) 

29. Olivine — Dunedin, &c., in basalt; Milford Sound 

^■LjLecbOr^ ... ••• ra« •.• ... 

30. Halloysite-^-Basalt, near Dunedin ... 
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31. Stilbite ) -o i4. -n a-^ — — O.M. 

32. Natrolite } ^^^^*«' ^^^'^ ^^^^n q^ 

33. Chabazite *) — ••• — 

34. Gmelinite] > Basalts, near Dunedin (Hector) ... — 

35. Prehnite } ... ... — 

36. Orthoclase — Stewart Island, West Coast ... ... O.M. 

37. Albite— West Coast (Hector) ; in schist, at Boaring 

Meg (Hector) ... ... ... ••• — 

38. Labradorite — In basalt, Dunedin, &c. ... ••• O.M. 

*. Epidote — West Coast (Hector) ... ... ... — 

. Garnet — Eesolution Island, Bligh Sound, Milford 

Sound ••• «•• ..• ... ••• O.M. 

41. Tourmaline — West Coast ^Hector) ... ... — 

42. Muscovite — Abundant... ... ..• ... O.M. 

43. Biotite— West Coast, common ... ... ... O.M. 

44. Lepidolite— In marble, Thompson's Sound ... O.M. 

2: Lepdane } ^"^ «*=^^«*« ""^^ g"^^'' (^**'**"> Z - 
it!. Topaz — Chatto Creek, Arrow (Hector) ; Waijpbii 

(Hector) ,,, ,„ ••• ••• ... — 

48. Zircon — Timbrell's Gully (Hector) ... ... — 

Metals ai«^d Metallic Ores. 

49. Brookite — In trap at Otepopo (Hector) .. ... — 

50. Sheclite — Head of Lake Wakatipu, Shotover, Arrow, 

Bendigo ... ... ... ... ... O.M. 

51. Stibnite — Waipori, Carrick Eanges, Arrow, &c. ... O.M. 

52. Iron pyrites — Common; large crystals at Maori 

Point, Shotover ... ... ... ... O.M. 

53. Marcasite — In coal, &c. ... ... ... O.M. 

54. Mispickel— In alluvial deposits, &c. ; Milford Sound 

(Hector) ... ... ... ... ... O.M. 

55. Magnetite — Dunstan, Maori Point ... ... O.M. 

56. Haematite — Dunstan, Dunedin (Hector) ... ... O.M. 

57. Specular Iron — Stewart Island, Longwood Eange ... O.M. 
5R. Clay Ironstone — lokomairiro, Maerewhenua, &c. ... O.M. 

59. Limonite, Lansdow^ Port Molyneux ... ••• O.M. 

60. Ilmenite — In black ?ands ... ... ... O.M. 

61. Chromic Iron — Milford Sound ... ... O.M. 

62. Glauconite — In gieen sandstones; in schists (Hector) O.M. 

63. Sidcritc— In cavities, in schist (Hector) ... ... — 

64. Spbffrosiderite — In basalts, Dunedin ... ... O.M. 

65. Tivianite — Black's, as crystals in Moa bones (Hector) O.M. 

66. Ehodonite — Dunstan ... ... ... O.M. 

67. Manganite — Dunstan (Hector) ... ... — 

68. Erythrine — Schists and gneiss on West Coast (Hector) — 

69. Zinc Blende — Bendigo, Eough Eidge (UlricB) 



••• 
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70. Galena — ^Tokomairiro, Eougli Eidge, Bendigo ... O.M. 

71. Native Mercury — ^Tokomairiro ... ... O.M.* 

72. Cinnabar — Waipori, Dunstan, and Serpentine 

(Hector) .. ... ... ... O.M. 

73. Native Copper — Moke Creek, "Waitaliuna, Dunstan, 

and Kawarau (Hector) ... ... ... O.M. 

74. Chalcopyrite — Moke Creek ... ... ... O.M, 

75. Erubesite — Dunstan ... ... ... O.M. 

76. Boumonite — Eough Eidge ... ... ... *- 

77. Malachite — Moke Creek, "Waitaki, and Pomabaka 

(Hector) ... 

78. ChrysocoUa — Moke Creek, Milford, and Bligh Sounds 

(Hector) ... ... ... • ... ... — 

79. Platinum — Steward Island ... ... ... O.M. 

80. Gold— Widely distributed ... ... ... O.M. 

81. Silver — Head of Lake Wakatipu, Skippersll Kawarau 
* Gorge ... ... ... ... ... O.M.' 
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APPENDIX C. 

Fauna of Otago, 

The following list contains those vertebrata and moUusca that 
I know from personal observation, or from specimens sent to the 
Museum, to live in Otago.* There are in addition several species 
of shells in the Museum that bave not yet been determined. Foi- 
maay of the corrections in the names of the shells, I am indebted to 
a paper called *^ Eemarks on certain shells in F. W. Hutton's cata- 
logue of the Marine Mollusea of New Zealand," by E. von Martens, 
which is not yet published, but which the Hon. W. Mantell has 
kindly allow me to read. O.M. after a name means that the species 
is reprcEented in the Otago Museum ; and in the list of moUusca, 
C.M.M., stands fS the " Catalogue ofjthe Marine Mollusea of ^few 
Zealand." * 

MAMMALIA. 

Chiroptera, 

1. Mystacina velutina, Hutton. 3f. ticberculataQr&j, not 

S. tuherculaius Forster ... ... ... Q.M 

2. Scotophilus tuherculatus, Forster (Vespertilo^ ••• O.M 

Pinnipedia. 

3. Steiwrhynchus leptonyx^ Blainville (Phoca)... ... O.M. 

4. Arctocephalus hookeri. Gray. Gypsophoca sitbtropica- 

lis. Gray. Trans. N.Z. Inst. VJ., p. 88 ... O.M. 

5. Arctocepfialus cinerus^ Peron (Otaria) ... ... O.M. 

Cetacea, 

6. Neobdlcena marginatay Gray. Stewart Island ... O.M. 

7. Capera antipodoi urriy Gray. Eubalcena anstralis, Hec- 

tor (in part), not of Gray .. ... ... O.M. 

8. Maclayivs australienm, Gray ... ... ... O.M. 

9. Sihbaldius antarcticuSy Burmeister (?) ••. ... O.l^L 

10. JBalcenoptera huttoni, Gray ... ... ... O.M. 

11. Catodon macrocephalus, L. ... ... ... O.M. 

12. Tursio metis, Gray, .Clym€nianov(s-zealandia,HectoTy 

in part ... ... ... ... ... O.M. 

13. Electra clancula, Gray ,., ... ... ... O.M. 

This is not JJ. superciliosus Lesson (Voy Coquille. 
Mammiferes, PI. 9, ^g, 2) as supposed by Dr. 
Gray (Trans. N.Z. Inst. VI., p. 89) 

14. Orca gladiator var australis, Gervais. pacificay 

Hector, not of Gray... ... ,., ... O.M. 

* Three of the fishes, however, are introduced on the authority of Dr. 

Hector. 
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15. Beluga kingii^ Oray (t). Globiocephaltis macrorhynchm, 

Hector. Trans. N.Z. Inst., VII. p. 261 ... ... O.lt 

16. Berardius arnuxi, Duvemoy ... ... .•• — 

17. Mesoplodon hectori, Gray (Berardius). M, knoxi, 

xiecwor ••• ... .«. ... ... \jtjiLm 

AVES. 
Accipitres. 

1. Uarpa nova-zealandugf Latham. JET. brunnea Qoul^ 

F.ferox, Peale ... ... ... ... O.M. 

2. Circus approximanSf Feale « ... ... ... O.M. 

3. ^celoglauv albi/acies, Qmy. Very rare. ... ... O.M. 

4. SpUoglaux nova-zecUandia, Gmelin ... ... O.M. 

Psittdci. 

5. Cyanorhamphus nov(t^e€Uandia, Sparrmann. F./or- 

^ steri, Finsch ... ... ... ••• O.M. 

6 . Cyanorhamphus auriceps, Vigors ... ... ... O.M. 

7. „ alpinits, Boiler ... ... ... O.M. 

8. Nestor meridionalis, Gmelin. iV. superbus, iT. monr 

tanuSy find ir, ocddentalis, BixLler, ... ... O.M. 

9. Nestor notabilis, GoiUd ... ... .,• O.M. 

10. Stringops habroptilus, Gray. S. greyi, Gray ... O.M 

Ficaria. 

11. Halcyon vagans, Lesson ... ••• ••• O.M. 

12. Eudynamis taitiensiSf Sparrmann ... ... O.M. 

13. Chrysococcyx lucidus, Gmelin ... ••• ••• O.M. 

Passeres. 

14. Hirundo ni^ca72«,Vieillot An occasional straggler O.M. 

15. Graticalus parvirostris, Qould, CoUuricinela concinna, 

Flutton ... ... ••• •• ... — — 

16. Bhipidura fla belli/era, Gmelin ••• ••• ... O.M. 

17. „ fuliginosa, Sparmann. B, tristis, Homb and 

•I ac(^ ... ... ••• •.• ••• \j, ju « 

18. CUtonyx ochrocephala, Gmelin ... ••• «.• O.M. 

19. Phyllodytes novco^zealandia, Gmelin. C. fnaculicaudus, 

KiTAy ••• ... .«. ••• .*• v/.uL. 

20. Pfosthemadera nova-zealandia, Gmelin ... ... O.M. 

21. AiUhornis melanura, Sparrmann. A, ruficeps, Pelz. 

Abundant ... ... ... ... .«. O.M. 

22. Zosterops lateralis, Latham ... ... ... O.M. 

23. Gerygone flaviventris, Gray. G, assimilis, Buller. G, 

aucklandicOf Pelz 

24. Myiomoira macrocephala, Gmelin. Petroica, dieffen- 

bachU, Gray ... ... ... ... O.M, 

26. Myioscopus albifrons^ Gmelin ••• ... ... O.M, 
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26. Xenicus longipes, Gmelin. Rare ... ... O.M. 

2^. „ gilviventris, Pelzeln. X. haasH, Buller. Very 

Awlw ••• ... ««a ••• ••• ^"^ 

28. Acanthisitta chloris^ Spamnan ... .,, ... O.M. 

29. Spherus<u:m punctatu8,(^\JiOj ^XidiGvihm^TdL S.Jidvus, 

Gray. Rare ... ... ... ... O.M. 

30. Anthus novas zealandice, Gmelin. A, grayi^ Bonaparte O.M. 

31. Keropia c7*assirostri8, QmQ\\n ... ... ... O.M. 

32. Creadion carunculaiuSf Gmelin. C. cinereus, Buller... O.M". 

33. GUmcopis cinerea, Gmelin ... ... ... O.M. 

Columhce. 

34. Carpophaga novcezealandioe, Gmelin. C, spadicea ^ 

IfucoplhCEa, Homb and Jac ... ... ... 0-M. 

Gallince, 

35. Cotumix novcp-zealandiig, Qaoy and Gaimard. Very rare O.M. 

Grallce. 

36. Ocydromus attstralis, Sparrman ... ... ... O.M. 

37. „ „ var troglodytes, Gmeliu ... O.M. 

38. „ „ var hectori, Mutton ...* ... O.M. 

39. „ Juscus, Du Bus. 0. nigricans, Buller. O. 
hrachypteruSf Buller ... ... ... ... O.M. 

40. Ocydromiis JuscuSy vsLT finschi, Hntton ... ... O.M. 

41. Eulaheornis philippensis, Z. Itallus pectoralis Less. 

Rare ... ... ... •• ... ' O.M. 

42. Ortygometra qfinis, Gvoy, Rare, ... «•• O.M. 

43. „ tabuensisy Gmelin. Rare ... ... O.M. 

44. Porphyrio melanotics, Temminck ... ... O.M. 

45. Notomis mantelli, Owen. Very rare, perhaps extinct — 

46. Limosa novce-zealandicey Gtbj ... ... ... O.M. 

47. Himantopits leucoceplialus, Gould ... ... O.M. 

48. „ novcdzealanicB, Gould. H, melas^ Homb 

and Jacq ... ... ... ... ... O.M. 

49. Tringa canutus, JAnudSM^, Rare ... ... O.M. 

60. Gallinago aucklandica, Gray. G, pusilla, Buller ••• O.M. 

51. Charadrius obscurtis, Gmelin ... ... ... O.M. 

52. „ hicinctus, Jardine ... ... ... O.M. 

63. Thinomis nova-zealandim, Gmelin. Rare ... ... O.M. 

64. Anarhynchus frontalis, Quoy and Gaimard. Rare ... O.M. 
55. Ardea egretia, Gmelin. A, alba, EUman, not of Lin. 

A. syrmatophora, Buller ... ... ... O.M. 

5^, Ardea n^va hollandia, hskthsLin, Rare ... ... O.M. 

67. „ sacra, Gmelin. Rare ... ... ... O.M. 

68. „ pusilla, Vieillot. Ardeola nowszealandia, 
Purdie. Very rare ... ... ... ... OM. 

b9. Botaurus poiciloptilus, WBgltT ... ... ... O.M. 
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Anseres, 

60. Dendrocygna et/toni, Gould. A single flock only, 

probably all killed ... ... ... ... O.M. 

61. Casarca variegata, Qmelin. A, cheneros, Forster ... O.M* 

62. Anoi superciiioaa, Qmelin. A, leucophrys, Forster ••• O.M. 

63. „ chlay'otis, Gray ... ... ... ••• O.M. 

64. Querquedula gibberifrons, MulL A, gracilis, BuUer. 

•Lvare •*. ..• *•• ... ••• v/.ju,. 

W. Spatula rhynchotisy Jj^ithfim, S. vartegata, Gt&j *.,, O.M. 

66. Fulix novoe-zealandice, Gmelin. A, atricilla, Forster O.M. 

67. Hymen olaimus malacorhyncJioSj Gmelin ... ... O.M. 

6% Lestris catarracteSj lAnnsdMS, L,antarcticay Lesson „» O.M. 

69. Larus dominicanus, Lichtenstein. L. vociferus, Bruch O.M. 

70. „ nova-hollandice, Stephens. L, scopuUnus, Fors- 
ter. L.jamesoni, Wilson. ... ... ... O.M. 

71. Lams pomare, Bruck. L, bulleri, Hutton. Z. mela- 

norhynchtis, Buller ... ... ... ... — 

72. Sterna caspia, Pallas ... ... ... ... O.M. 

73. „ frontalis. Gray, S. albifromy Peale ... O.M. 

74. „ nerei$^ Gould. Rare ... ... ... — 

75. Hydrochelidon antarctica, Forster. ff. albistriata, 

v*ray ... .. ... r.^ ... KJm nn* 

76. Diomedea exulans, Linnasus. D. spadicea, Gmelin ... O.M. 

77. „ melanophrys, BoiQ ... ... ... O.M. 

78. „ chlororhyncha, Gmelin ... ... O.M. 

79. „ culminata, Gould ... ... ... O.M. 

80. JPhcebetria fuliyinosa, Gmelin. 2). antarctica, Banks O.M. 

81. Ossifraga gigantea, Gmelin. P. hrasilianay Latham O.M. 

82. Halodroma urinatrix, Gmelin. P. tridactylay 

J. Ux tf vclr «•• ... ... ... ... ^"^^ 

83. JBuffinus griseus, Gmelin. P. tristis, Forster ... O.M. 
84i. „ gavia, Forster. Bare ... ... — 

85. JProcellaria oinerea, Gmelin. P. hwsitata, Forster O.M. 

86. „ capensiSy Linnaeus. P. navia, Brisson O.M. 

87. „ gouldif Hutton ... ... ... O.M. 

88. „ earuleay Gmelin. P. similis, Forster... O.M. 

89. Prion turlur, Smith. P. velox, Banks ... ... O.M. 

90. „ vietatusy Gmelin. P. latirostrisy Bonn ... O.M. 

91. Thalassidromafregatay LinnsBUs; P. rnarina, Latham O.M. 

92. Dyspoms serrator, Banks. Hare ... ... — 

93. Ghacultts carbo, Linnaeus. Fhalacrocorax nova 

hollandus, Stephens ... ... ... O.M. 

94t« Ghaculus glaucasy Hombron and Jacquimot. Q» 

chalconotwty Gray ... ... ... ... O.M, 

95. Gracultis varius, Gmelin ... ... ... — 

96. „ carunculatiiSy Gmelin. •• ... ... O.M. 

97. if punctatus, Gmelin ... •.. ••• O.M. 
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98. Graculus melanoletumSfY{&\[ot .,. ... ... O.M. 

99. „ brevirostris, Gould ... ... ... O.M. 

100. JEudyptes antipodes fKomhronBJidiJsLeqmmot ... O.M. 

101. „ pachyrJiynchus, Gray ... ... O.M. 

102. „ catarracteSf Gmelin ... ... ... O.M. 

103. „ vitfatus, Einsch ... ... ... O.M. 

104f. ,» atratuSy Hutton. The Snares ... ... O.M. 

105. JStt^ptula minor, 'FoTster, JE. undina, Gould ... O.M. 

106. JPoKepg cristatuSf Linnseus. P. hector i, BuUer ... f).M. 

107. „ rufipectuSy Gray ... ... ... O.M. 

Strutkkmes. 

108. Apteri/s australisy ShtLW ... ... ... ft.M. 

109. „ ou;^m^ Qould ... ... ... ... O.M. 

EEPTILIA. 

Lacertilia, 

1. Mbcoa Zealand lea, Gray ... ... ... O.M. 

2. „ „ var variegata, BuUer ... ... O.M. 

3. „ grandls. Gray. M. laxa, Hutton ^. ... O.M. 

4. I^aultimtt punctatiM, Graj, -Z\r. elegant, (jti%j ... O.M. 

5. „ „ var lineatus, Gray ... ... O.M. 

6. „ pacijflcus, Gray. -^. granulatus. Gray ... O.M. 

PISCES. 
JPlagiostomata^ 

1. Callorhgnchus aniarctictis,JjB.ce^ede ... ... O M. 

2. Oaleus caniSylAjmsdus ... ... ... O.M^ 

8. Muttelus antarcticus, Qunther ... ... ... O.M.. 

4. Za^na yWca, Muller and Henle ... ... O.M^ 

. .5. Alopecias vulpes, Gmelin .'-. ... ... O.M^ 

6. Scyllium laticeps, Dumeril. Dusky Bay only ... O.M, 

7. Acanthias vulgaris, !Bis80 ... ••• ... O.M, 

8. Maja nasuta,ho\di,n^,QV ... ... ... O.M, 

9. Trygon IrevicaudatayHution ... ... ... O.M 

Acanthopterygti^ \ 

10. OUgorus prognaihus, Forster. (Perca.) O, gigas, 

v/wen ... .••• ■•■ **• *** vy.jxL. 

11. Arripis salar, Eichardson. Bare. ... ... O.M. 

12. Therapon (?) rvhiginosus, Hutton ... ... O.M. 

13. Scorpis hectori, button. Dusky Bay ... ... — 

14. Haplodactylus meandratus, Solander. H, donaldi, 

xi.aasi' ... ... ... ... .. \y.iix» 

*15. PAj^^rw* imzcoZor, Quoy and Gaimard. Very rare ... O.M. 

16. Chilodactylus mac7opt&rus,'Eov^ter •• ... .O.M. 

'17. Mendosoma lineata, Gray. (West Coast Sounds, 
' Hector.) 



.<• 
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18. Latru Tiecaieia, Bicliardsoa ... ••• ... O.M. 

19. „ eiliariif Forster ••• ... ••• O.M. 

20. Sebastes percoides, Solander ... ... ... O.M. 

21. Scorpana*cruenta,So\ajideT, West Coast Sounds ... O.M. 

22. Agnopui leucopodcilus^ Sichardson. Common ... O.M. 

23. TrachicMTiyi trailli, Hutton ... .... ... O.M» 

24. Lepidopus caudatuSf^w^htd^en. ... ... ... O.M« 

25. l^ym^cs a^wn, Euphrasen ... ... ... O.M. 

2ii Trachuruf trachurut^ Lin. (West Coast Sounds, 

JEXvC uory ... ... ... ... .•* 

27 SlsWo/a ZaZa9t<^tt, Cuvier and Valenciennes... ... O.M. 

28' Seriolella porosa, Qcuxoheti ... ... ... O.M. 

2ft* OasterochUm^imelampuSy'RvAiSxiAOXi ... ... — 

30*. NeptomeniishramajQiini^eT ... ... ... O.M. 

31. Kath^ostoma monopterygium^^\eQ\^er ... ... ^-^^ 

32. LeptoscoptLs huttoni, Haast ... ... ... O.M. 

38. Crapatalus angutticepSf Hutton. (Leptoscopus) ... O.M. 

34. PerciscoliaSy Forster ... ... ... ... O.M. 

36. Chevmarrichthys forsteri, Haast ... ... ... O.M. 

36. Bovic^Uhys variegatus, Richa.rdBOJi,,. ... ... O.M. 

37. Nctothenia maoriensis, Haast ... ... ... O.M. 

38. „ cor/ii^o/a, Richardson ... ... ... O.M. 

39. „ angriatata^ Hutton ... ... ... O.M. 

40. „ microlepidotHf Hutton ... ••• ... O.M. 

41. TW^Za ^umu, Lesson and Qarnot. Rare ... ... O.M. 

42. J^^o^w^o6wtc?<w, Cuvier and Valenciennes ... ... O.M. 

43. Trypierygium nigripenne, Cuvier and Valenciennes ... O.M. 

44. „ medium f Qunther ... ... ... O.M. 

45. ilt^A«iqp^^w« co7»prtfS5M», Hutton (Trypterygium) ^ ... O.M. 

46. Acanthocliniis littoreuSf FoTstet ... ... ... O.M* 

47. Trachypterus altivelis, Kner ... .•• ••• O.M. 

48. Agonostoma fbrsterif Bleeker ... ... ..• O.M. 

49. Hemeroccetes acantliorhynchiUj Yorat&t ... .., O.M. 

50. Psychrolutes latus, Hutton ... ... ••• O.M. 

51. Cmtriscus kumerosiis, Richardson ... .. ... O.M* 

52. Diplocrepis punicetis, Richardson ... ... ... O.M* 

53. Trachelochismus pinnulatus, Forster ... ... O.M 

Acanthopterygii-pharyngogiiathi, 

54. Lahrichihys fiidcola^ Richardson ... ... ... O.M. 

55. „ celidota, Forster ... ... ... O.M. 

56. „ bothryocosmus, Richardson ... ... O.M. 

57. „ psittacula, Richardson. Dusky Bay only... O.M, 

58. Odax vittatuSf Sola.ndeT ,,. ... ... ... O.M. 

59. Coridodax pulliis, Forster ... ... ... O. M. 

Acanthini. 
€0. MerliLCcias gayi, Guichen. Oadtis austr.alis^ "Kxitton. 

xiare ... ... ... ^.k. ... v/.ju. 
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61. Lotdla hacclms, Foster, Abundant .,.. ... O.M. 

62. Genypterm blacodes, Forster. Abundant ... ••• OM. 

Pleuronectoidce, 

63. Pseudorhombus 8caphu8,'Fo8teT (W.C. Sounds, Hector) ... 

64. Ammotretis rosfrattiSf Qxmther ... ... ... O.M, 

65. RJwmbosolea mDnopiit, Gunther ... ••• • • O.M.^ 

66. „ flesoides, Gunther. R. leporina, Hutton, 

not of Gunther ... ... ... ... 0.|I* 

67. Jtkomhosolea tapinna, Gunther ... ... ••• O.M. 

68. „ retiaria, Hutton ... ... ... O.M. 

69. Peltorhamphtis novoe-zealandice, Qnnther ... ... O.M. 

Physostomi, 

69. SemirhampJnis intermeditu, C&ntor ... ... O.M. 

71. ^^ototroctes oxyrhynchui, Gunther. Betropinna 

upoTcoroTOy Hector ... ... ... ... O.M. 

72. GonostoTna australisj Hector (Maurolicus) ... O.M, 

73. Betropinna richardsoni. Gill. B. osmeroides, Hector O.M. 

74. Galaxias fasciatus, Gray ... ... ... O.M. 

76. „ oUduSy Gunther (?) ... .. ... O.M. 

76. „ hrevipennis, Gunther. G. grandiSy Haast O.M. 

77. „ attenuatus, Jenyns ... ... ... O.M. 

78. Gonorhynchtts greyiy'RiQhdi.Tdimn ... .. ... O.M. 

79. Olupea spraiius J YSLT antipodanif Hector ... ... O.M. 

80. Anguilla aucklandii, ^ichsirdiBon . . . ... ... O.M. 

81. „ australisy Hichardson ... ... ... O.M. 

82. Conger vulgaris, Cuvier ... ... ... ...O.M. 

83. LeptocepTialus alius, 'Richsi.rdi'&on ... ... ... O.M. 

Lopliohrancliiu 

84. Doryichthya elevatus, 13.utton ... ... ... O.M. 

85. Stigmatophora longirostris, Hutton ... ... O.M. 

86. Jlippocampus ahdominalis, JjeBSOTL ... ... O.M. 

Plectognathi, 

87. Monocanthus convexirostris, Gunther ... ... O.M.. 

88. Tetrodon richei, Freminville ... .. ... O.M. 

89. Orthagorisctts mola, laimsdixB ... ... ... O.M. 

Oyclostomafa. 

90. Geotria australis, Qr&j ... ... ... — ;■ 

91. „ chilensis, Gray ... ..r ... ... O.M. 

92. Bdellosfoma cirrhatum, 'Eortiter ... ... ... O.M. 

MOLLUSCA. 

Oeplialopoda. 

1. Octopus cordiformis, Quoy and Gaim (Pinnoctopus) O.M. 

2. Argonauta tuherculata, Shaw; A, nodosa, Solander 

MSS. Broken specimeni are occaiionally found 

at Stewart Island ... ... ••• ... O.M. 
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3. Ommasfrephes sloanii, Gray .,. ... ... O.M. 

Heteropoda. 

4. lanthina exigua, Lamark. Kara. ... ... O.M. 

5. Trophon ambiguity Homb and Jacq. Murex lyratiAS, 

C.M.M., nee Lam ... ... ... O.M. 

6. Troplion stangeri^ Q[T2i.j {¥m^\\!&) ... ... ... O.M. 

7. „ inferus, Hutton (Fusus). Eare ... ... O.M. 

8. JVepfunea pleheitis, Hutton (Fusus) ... ... O.M. 

9. Euthria lineafus, Martyn (Fusus). -F. linea et UneafuSy 

\j- jJUL.JXJl.* ... ••• ... ••• ... V^aiXL. 

10. 2)n7/^a ^raiYZ*, Hutton (Pleurotoma) ... ... O.M. 

11. „ IcBvis, Hutton (Pleurotoma) . . ... O.M. 

12. „ (?) alhula, Hutton (Pleurotoma) ... .. — 

13. LacheiU sulcata, MuitoTX ... ... ... (Uf* 

14. Defranchia luteo-fasciata, Reeve ; Daphnella letour- 

neuxiana, Hutton. C.M.M. not of Crosse ... O.M. 

15. Tritonium spengleri, Chemmtz ... ... ... O.M. 

16. Banella vexillum, Sowerby. Common in Foveaui 

ODFaitS ••• ... ... .. ... \J*JX1» 

17. Cominella nassoides, Keeve (Buccinum), JB. zealandi- 

ct^w, CM. M., not of Reeve ... ... ... O.M. 

18. Cominella funereum, Gould (Buccinum), "B, coBtatum, 

C.M.M., not of Quoy ... ... ... O.M. 

19. Purpura liaustrum, Martyn ... ... ... O.M. 

20. Polytropa striata, Martyn ; Purpura succincta, C.M.M. 

not of Martyn ... ... ... ... O.M. 

21. PoZy^r^Tpa rwyottf, Quoy and Gaimard ... ... O.M. 

22. „ quoyiy'RQ&yQ', P. scohina,CMM, ... O.M. 

23. „ <m^e*, Dunker; -P. g'Moy/, C.M.M. ... O.M. 

24. Andllaria australis, Quoy and Gaimard. West Coast 

Sounds ... ... ... ... ... O.M. 

26. Voluta pacifica, Lam ... ... ... ... O.M. 

26. „ „ YSLT y V, ehngata, Syr&iiiAon ... O.M. 

27. Zamellaria ophione, QrsLj ; L, indica, C.M.M., not of 

JLieaCu ... ... ... ... ... vy.Bfll. 

28. Natica zealandica, Quoy and Gaimard. Bare. . . . O.M. 

29. „ vitrea, Hutton ... ... ... O.M. 

30. Acus caltginosa, Heeve f'Terebra) ; Cerithium Jcirkl, 

Hutton ... ... ... ... ... O.M. 

31. Oheliscus roseu8,Y{\ition ... ... ... — 

32. Chemnitzia zealandica, Hutton ... ... ... O.M. 

33. Odostomia lactea, Angas ... ... ... .O.M.. 

34. Struthiolaria gigas, Sowerby. Eare ... ... — 

35. „ nodulosa, JjVLxn&vk, iN'ot common ... O.M. 

36. „ australis, Gmelin. S, vermis, Martyn. 
xCaro ... ... ... ... ••• v/.Ax. 

37. Cancellaria trailli, Hutton ... ... ... O.M. 
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38. TrichotropU flavida, Hinds. T, inomata, Hutton ... O.M. 

39. Cerithium suhcarina, Soyrerbj ... ... .•• O.M. 

4fO. „ terehelloides, Martens. C, cinctum, Hutton O.M. 

41. „ exilify Hutton ... ... ... O.M. 

42. Inferus angcui, Crosse. C minimuf, Hutton ... — 
48. Littorina cincta^ Qvioj smd. Q&im&rd ... ... O.M. 

44. „ diemenensis, Quoj and Gaimard. Not 
common ... ... ... ... O.M. 

45. Bissella {?) variuf, Hutton. (Adeorbis) ... ... O.M. 

46. RUioarugulosa^l^Mttou ... ... ... O.M. 

47. „ nanay Hutton ... ... ... ... O.M. 

48. „ suhfiuca, Hutton ... ... ... O.M. 

49. „ plicata, Hutton ... ... ... ... O.M. 

60. „ purpurea^ Hutton ... ... ... O.M. 

5^ „ impolitay Hutton ... ... ... — 

6^ „ rwca, Hutton ... ... ... ... O.M. 

53. Turritella rotea, Quoy and Gaimard ... ... O.M. 

54. „ pagoda, Reeye. Not common ... ... O.M. 

56. „ symetrica^ Hutton ... ... ... O.M. 

56. Calyptrcea maculatu^ Quoy and Gaimard ... ... O.M. 

67 . Trochita tenuis, Gray ... ... ... ... O.M. 

58. CVyp^a w»yw{/brwt*, Lamark ... ... ... O.M. 

59. Turho smaraqduMiiaiXmxV ... ... ... O.M. 

fU). „ „ var ^., Hutton ... ... O.M. 

61. „ ruhicundus, KecTe ... ... ... O.M. 

62. Imperator cookiifL&ma,T}i. Bare ... ... O.M. 

63. „ imperials, Lamark. Common in Foveaux 

o bi*aii/S ... ... ••• ... ••• \j» JUL. 

64. Motella zealandica, Homb and Jacq. Otago Heads ... O.M. 

65. Folydonta tiarata, Quoy and Gaimard. Eare ... O.M. 

66. Diloma cethiops, Gmelm. T, zealandicus, Quoy and 

Gaimard ... ... ... ... ... O.M. 

67. Dilotna hectori, Hutton. (Labio) ... ... O.M. 

68. „ gaimardi, Philippi. T, cingulatuSy Quoy and 
Gaimard ... ... ... ... ... O.M. 

%9, Diloma nigerrima^lAnxiftvM ... ... ... O.M. 

70. TroclwcochUa 8vhro$trata, Gray. (Labio, CM.M.) . , O.M. 

71. if ianguinea. Gray. (Qibbula, CM.M.) ... O.M. 

72. Zizyphinus tigris, Marty n ... ... ... O.M. 

73. „ punctulatus, Martyn. Turbo granosus 
C.M.M., not ofLam. ... ... ... .,, O.M 

74. Cantharidvs iris, Chemnitz. Not common ... O.M. 

75. Gibbula nitida, Adams. Abundant ... .. O.M. 

76. „ inconspicua, Hutton. (Chrysostoma) ... O.M. 

77. Margarita rosea, Hutton. (Chrysostoma) .. O.M. 

78. Haliotis iris, LsLintkTk ... . . .. ..O.M. 

79. „ rugoso-plicata, Chemnitz. H, austraHs^ Lam O.M, 
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80. ffaliotis gihha Philippi, JET. virginea, C. M. M. not of Lam. O. M. 

81. Lucapina mmiilifera^llvXUiru Rare ••• ... — 

82. JSmarginula striaiula, Qaoy and Gaim (t)... ... O.M. 

83. Tugalia parmophoroides, Quoy and Qaim. T, elegant^ 

\JiT9tj ••• «(• ••• •«• ••• vf. JXl. 

84. Parmop}ioru9 unguis^ L. P atutralis. Lam. Common O.M. 

85. Tectura pUeopsiSf Q^ioj Bx^d Qxim ... .. O.M. 

86. ,y /ro^t/i^, Quoy and Qaim.. • ... ... O.M. 

87. PcUella ineonspicua, Qtsj ... O.M. 

88. ,y margaritaria, Chemnitz ... ... O.M. 

89. „ imbrieata, Keeve ... ... ... O.M. 

90. „ redimiculumy Reeve. P. poUsi, Hutton ... O.M. 

91. „ decora, Philippi. N, radians, in part C.M.M. O.M. 

92. „ cr^ww, Reeve. i\r. rocfuzn^, in part C.M.M. ... O.M. 

93. ,, cantharus. Reeve ... ... ... O.M. 

^4. CAtton canaZicu/a^u5, Quoy and Gaim ... .. O.M. 

"95. „ peUissetpentis, Quoy and Gaim ... ... O.M. 

^6. „ quoyi, De^hayes ... ... ... O.M. 

97. „ longici/mbus, De Blainville ... ... O.M. 

98. Ibntcia t^nc/z/Wa. Quoy and Gaimard ... .. O.M. 

99. „ rubiginosa, Hxitton ... ... •• O.M. 

100. Acanthopleura ccelatus, Keeve ..» ... ... — 

101. Acanthochcetes porphyreficus, Reeve ••• ... O.M, 

102. £atherina violacea, QuLoy s,nd QvAm ... ••• O.M. 

103. Crgptoconchus monticularis, Quoy and Gaim ... O.M. 

104. Aplgsia brunnea, Hutton ... ... ••• O.M. 

105. Onchidella nigricans, Quoy and Gaim ... •-• O.M. 

106. Siphonaria obligtuita, Sowerby. S. diemenensis, C. 

M. M. ... ... ... ... ... O.M. 

107. Siphonaria cancer, Reeve. 8. scutellum, C. M. M. ... O.M. 

108. „ australis, Quoy and Gaimard (?) ... O.M. 

109. Ampkibola avellana, Qmeiia ... ... ... O.M 

Ziamellibranchia. 

110. Saxicava arctica, Linnjeus ... ... ... O.M. 

111. (3^/y<?iwm« 2?^aZant/ica, Quoy and Gaimard. (Panopsia) O.M. 
'LL2. Ne<Bratrailli,'KvitiQii ... ... ... — 

113. Myodora striata, Quoy and Gaimard. Not common O.M. 

114. „ jpZawfl, Reeve (?). M. 5rccr/«, C. M. M. Not 
ofStutchbury ... ... ... ... O.M. 

116. Mactra discors, Gray. Jf. murchisoni, Deshayes ... O.M. 

116. „ csguilatera,J)eBh&jes .. .*.. ... O.M. 

117. „ scalpellum, Deshayes. Darina pusilla, 
Hutton ... ... ... ... ... O.M. 

118. Standella ovata, Gray. (Hemimactra, C. M. M.) ... O.M. 

119. Mulinia elongata, Quoy and Gaimard. (Spisula.) 

if. notata, Hutton ... ... ... ... O.M 
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120. Psammohia stangeri, Gray •• ••• ••• O.M» 

121. „ lineolata^ Omj. Cbalky Inlet ... O.M. 

122. „ qfflnis, Eeeve. F, zonalis, C. M. M. Not 

of Lam ... ... ... ... ... 0*M. 

123. Soletellina siliqua, Beeve. Hiatula nitida^ C« M. M« 

Chalky Inlet ... ... ... ... O.M. 

124. Tellina alhoj Quoy and Gaimard. T, alhinella, C. M. M. 

Catlin's Eiver ..." ... ... ... O.M» 

125. Tellina deltoidalis, Lamark. Catlin's River ... O.M. 

126. „ decussata, Lam (?) ... ... ... — 

127. „ lintea, Hutton ... ... ... ... — 

128. „ ticaonica^ Deshayes (?)... ... ••• — 

129. Mesodesma novce zealandice, Chemnitz. M. cJiemnitziiy 

Deshayes. M, ovalis, Eeeve. Jif. novae zealandice^ 

Eeeve ... ... ... ... ... O.M. 

130. Mesodesma suh-friangulaia, Gray. M, spissa, Eeeve. 

M. cuneata, C M. M.. Not of Lam ... ... O.M. 

131. Mesodesma lata^ Deshayes. M, elongata, C. M. M. 

Not of Quoy nor Desh ... ... ... O.M. 

132. Venus ohlonga, Hanley. Eare ... .. ... O.M. 

133. Chione costata, Quoy and Gaimard. Abundant ... O.M.. 

134. „ stuchhuryi, Gray. C dieffenhachii, Gray. Not 

so common as the last ... ... ... O.M. 

135. Chione mesodesma. Quo J SLJid GaiaiBiTi ... ... O.M. 

136. Dosinia anus, Philippi. Eare ... ... ... O.M. 

137. „ suhroseoy Gray. Eare ... ... ... O.M. 

1.S8. Tapes intermedia, Quoj and Q&im&Tdi. (Venus) ... O.M. 

139. Cardium striatulum, Sowerhj. Eare ... ... O.M. 

140. Venericardiaaustralis,liSimsiTk;V,tridentata,SsLj(?) O.M. 

141. Lucina divaricata, Linn»us. Chalky Inlet ... O.M, 

142. Loripes glohulariSyljSLmsLTk (Mysia, C. M. M.) ... O.M. 

143. Kellia cycladi^ormis, Deshayes (?) ... ... — 

144. Solemya australis, Lamark. Stewart Island and 

Chalky Inlet ... ... ... ... O.M. 

145. Mytilicardia excavata, Deshayes (?) ... ... O.M^ 

1^6, Mytiliis mageUanicuSfJjSLm&rk (?) ... ... O.M. 

147. „ latus, Chemnitz; M. STnaragdintts, C. M.M., 

7»^c Chemnitz ... ... ... ... O.M. 

148. Mytilus dunJceri, Eeeve ... ... ... O.M. 

149. „ fl^cr, Zelebor ... ... ... O.M. 

160. Orenella impacta, Hermann. M, discors, Lamark ... O.M 

151. Modiola areolata, Gould. M. alhicosta, C. M. M., 

not of Lam ... ... ... ... O.M. 

152. Modiola securis, Lam (?). Brackish water ... O.M. 
15d. JPinna zealandica, Gtslj ... ... ... O.M. 

154. Barhatia decussata^ Sowerby. B. sinuata, C. M. M., 

not of Lam ... ... ... ... O.M. 
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155. Fectunculus laticosiattis^ Quoj and Ghdmard ••• O.M. 

156. ,y striatularig, Lamark ... ••• O.M. 

157. NiJtcula nitidula, Adams. i\r. margaritacea^ C. M. M. O.M. 

158. Leda australis^ Quoy and Ghumard (?) ... ... O.M. 

169. Solenella cumingii, AAtkinR, Bare ... ... O.M. 

IGO. Fecten zealandioe, Qr&j. P. muUicoifaftiSfTieeYe ,,, O.M. 

161. „ gemmulatuSt'Eieeve, P.dt€fhnhachii,'BeeYe,,, O.M. 

162. „ radiatus, Hutton. Not common ... ... O.M. 

163. „ convexuSf Quoy and Gaimard. P. velUcatus^ 
Hutton. Eare ... ... ... ... O.M. 

164i. Vola laticostattis, G-ray (Pecten). P. novoe eealandios 

Reeve. Bare ... ... ... ... O.M. 

165* Zdma squamosa^ Jj&mairk ... ... ... O.M. 

166. „ hullata, Born ... ... ... ... O.M, 

167. Jnomia alectu8, Grsij ... ... ... O.M. 

168. „ cytceum, Gray ... ... ... — 

169. Placunanomia zealandicaf QrSLj .,. ... ... O.M. 

170. „ tone, Gray ... ... ... — 

171. Osfrea purpurea flLsLulej ... .. ...O.M. 

172. ,, discoidea, Gould. O. luf aria, "Hutton ... O.M. 

Brachiqpoda. 

173. Waldheimia lenticularis, Desnayes ... ... O.M., 

174. Tsrebratella cruenta, Diilwjn ... ... ... O.M 

175. „ ruhicundaf SolandeT ... ... OM* 

176. Magas evansii, Davidson ... ... ... O.M* 

177. Rhi/nchonella nigricans, Sowerhj ... ... O.M. 
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APPENDIX D. 

Tablb of altitudes above sea level of natural features in the 
Province of Otago (selected from the trigonometrical determinationB 
of the reconnaissance and minor triangulation surveys), by Jaiob 
McKebbow, Chief Surveyor. 







ABOVE SKA 








LSVBL IN FEIT 


' 


Lakes. 








Ohau 


••. 


1723 


Depth unknown. 


Hawea .• 


... 


1062 


Depth 1285 feet, or 223 
feet below sea leveL 


Wanaka 


••• 


928 


Depth 1085 feet, or 157 
feet below sea leveL 


Wakatipu ... 


... 


1060 


Depth 1350 feet, or 300 
feet below sea level Th« 
ancient outlet of Waka- 
tipu Lake at Kingston 
is 175 feet above present 
level of lake, or 1225 
above sea leveL 


N. Mavbra ... 


• • • 


2073 


• 


Te Aoau ... 


••• 


720 


Depth unknown. 


Manipori ... 


•• • 


623 


Do. 


Harris ••• 


••. 


3800 


Do. 


Taieri 


••• 


986 


Do. 


Plains. 




m 





' UpperWaitaki 



Waitaki 
VaUey 



u 



LowerWaitaki 



» 



1790 

1990 

571 

200 



At trig. T near Benmore 

station. 
At trig. I near issue of 

Ohau River, from lake« 
At trig. U on Terrace at 

joining of Otekaik with 

Waitaki 
At trig. K on Papakaio 

Plain, opposite Big Hill. 
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f Upper Clutlia 



Qntha 
TaUey 



, 



19 



Manoherikia 



Moa Fkt 



Ua Valley ... 



••• 



if 



••• 



f Maniototo 
(Upper Taieri) 



Ibien 
TaUij 



9> 
99 



Strath Taieri... 
Taieri 



I 

1 



East Taieri ... 
West Taieri ... 



North Taieri 
fWaimea ... 



ABOVS SKA 
LEVEL IN FEET. 



Uatauia 
VaUey^ 



Wakaia 



Lower Ma- 
taura «.. 



1312 

700 

1722 



540 

267 

1997 



1406 
.259 



2018 
1304 

914 
675 



14 

44 

28 
91 

627 

450 
900 
107 



At trig. A banks of Hawea 

river 
Kawarau Flat, adjacent to 

Cromwell 
Junction of east branch, 

one mile above Falls on 

Mannherikia -« 
DnLstan Flat at Clyde 
At trig. B near township 

of Ettrick 
At trig. D alongside Coach 

road, 1 ^ miles from HilFs 

Creek 
At trijc. Gt on flat oppo- 
site Gorge of Idaburn. 
At trig. A on flat 2 miles 

north of where Taieri 

issues from mountains. 
At trig. X near Naaeby. 
At trig. H on terrace near 

old crossing on Kyeburn. 
At trig. E near Great Stone. 
At trig. C^ Sutton district, 

on banks of Taieri, and 

about the lowest part of 

plain. 
Floor of verandah, Adams' 

accommodation bouse. 
Top of masonry West Taieri 

bridge. 

Trig. A on edge of swamp. 
Trig. B 
Trig. A near Gowsbum, 

Waikaia Flat. 
Average level of plains near 

junction of Mataura and 

Wakaia. 
Summit of Pyramid Hill, 

near do. do. 

Trig. B on township flat 
Wyndham 
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i*^ 



Waiau 
VaUey 



f Te Anau Dovms 
and 
Mararoa Valley 

Waiau Plains 

Terrace north 
sidb of Black 
Mount 



ABOVE SEA. 
LSVEL IN FEET. 



600 

2010 
300 



Southland ... 



Fosses, 



JAr\({\f< 



f»» 



• •• 



1700 



177 



3185 



Oreti 



...I, 



f Haast 



••» 



West 
Coast 
Passes 

in 
use. 



Harris 



••• 



Greenstone 



•II 



/rack from Arrowtown 
to Cardrona crosses 
Crown Bange at 



2615 



1716 



3900 



2000 



4300 



Flat at junction of Mararoa 
and Waiau rivers. 

Top of Terrace where Mar- 
aroa issues from bush. 

North end of plain, near 
Wairaki Stream. 



This terrace stretches across 
from Black Mount to 
Takitimo Mountains 

At Geo. station, trig. P, 
Oteramika 



This is the lowest point on 
water shed between the 
Waitaki and Clutha river 
systems. 

This is the lowest point on 
the water shed between 
Waiau and Clutha river 
systems. 

This determination is given 
by Dr. Haast, and this pass 
is the lowest known point 
on the water shed between 
east and west coast of 
Middle Island. 

Highest point on track 
between Head of Lake 
Wakatipu and Martin's 
Bay. 

Estimated height of land 
between Greenstone and 
Hollyf ord Valleys. 



The saddle at head of Car- 
drona is much lower than 
this, probably ^not ^over 
3,000 feet. 
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Dunstan 



Water of Leith Saddle 



Ix)ok-out Point 



Coach road crossing of 
Chain Hills 



Elvers, 

Clutha, at junction of 
Island Block Stream 

Cluthahalf a mile below 

Ettrick • • 
Clutha Clyde (summer 

level) 
Cromwell (meeting of 

Kawarau and Clutha) 
Newcastle (meeting of 

Wabaka and Hawea 

branches of Clutha)... 
Issue of Wanaka Lake 



ABOVE SEA 
LEVEL IN FEET. 



Comparative Fall of 
JRivers. 

Waitakf, from Ohau 
Lake to sea, f aUs 



3300 



1190 



378 



415 



173 

211 
460 (approx.) 
525 (approx.) 



906 
928 



Lowest point on ridge be- 
tween Dunstan Creek and 
Cluden. 

Height of land between 
Water of Leith and Wai- 
tati Stream. 

The lowest point on ridge 
between Dnnedin and 
Kaikorai Valley— coach 
road passes. 

The lowest point on Chain 
Hills — the divi'iing ridge 
between Kaikorai Valley 
and Taieri Plain. 



••t 



1723 



This point is 57 miles from 
sea by channel of river. 

Do. 65 do. 

Do. 100 do. 

Do. 113 do. 



Do. 145 do. 

Do. 148 do. 
Issue of \^anaka Lake is 
122 miles in a straigth 
line from sea. 



In a distance of 93 miles 
by channel of riyer« 
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Tideri, from Taieri Lake 

to sea, falls 
Clutha, from Wanaka 

Lake to sea 
Mataura, from 7-mile 

cro8&iiQg,near Kingston 

to sea, falls 
Oreti, from where it 

issues from Thomson 

M ountains to sea 
Waiau, from Manipori 

Luke to sea 



••• 



Line drawn across the 
summits of intervening 
mountain ridges be- 
tween Dunedin and 
Martin's Bay : (this is 
the broadest part of 
Middle Island) 

Crosses Flagstflf Range 



at 



••• 



9> 



9> 



Highest part of 
Sutton district 

Bock and Pillar 
Eange 



„ Bough Bidge ... 
„ Obelisk (Old Man 



a 
a 



9} 



Bange) 
Double Oone 
Eamslaw 
Martin's Bay 



••• 



••• 



ABOVE SKA 
LEVEL IN FEIT. 



986 

928 

1090 

2500 
623 



ICOO 



1900 



3500 



3800 

550O 

7688 

9216 





Do. 77 do. 
Do. 148 do. 

Do. 109 do. 

Do. 106 do. 
Do. 60 do. 



4 miles from East Coast. 
Flagstaff summit. 
2192 feet. 

28 miles from East Coast. 



40 miles from East Coast 
Bock and Pillar sum- 
mit, 4675 feet. 

50 miles from East Coast. 

74 do. do. 
100 do. do. 
134 do. do. 
164 do. do. 
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Siiscellaneoug 
Potter's sluicing claim, 

W £iKSlH> • • • • • • 



ABOVB SEA. 
LBVEL IN FEET. 



4000 



Dooley's coal adit, 
Kawarau Valley 



Forest line ... 

Snow line ... 

Macrae's township 

Hamilton do. 

Nnseby do. ... 

Hill's Creek do 

St Bathan's do 

Drybread diggings 

XHardrona do 

Terraces in Shotover '] 
Valley, at Maori 
Point, Skipper's 
point, and tFpper j 
Shotover ... J 



t 



Wheat is grown exten- 
sively in the lake dis- 
tricts, from 



Oats grown at all the 
interior townships of 
Otago up to 



2000 



3400 

7500 to 8000 
1700 1 
1800 



» 

1600 
1800 

1650 

to 

1800 



1000 to 2000 



1800 



This and Clark's diggings, 
Naseby district, also about 
4000 feet, are the highest 
worked auriferous deposits 



in Otago. 



This is the highest lignite 
working in Otago. In 
the same valley lignite 
has been discovered at an 
elevation of 3000 feet. 



These places have originated 
and are entirely dependent 
on the auriferous drift 
workings alongside of each. 
They are scattered over 
the interior of Otago, 
and represent nearly all 
the important known gold 
deposits within that region. 
The similarity of levels 
over such wide areas i» 
suggestive. 



This is not to be taken as 
the limit of altitude for 
wheat in Otago. 



This is not to be taken as 
the limit of possible oat 
cultivation ia Otago. 
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APPENDIX K 



Akalysss of Bocks and Minerals, by Professor J. G. Black, 

Extracted from the Votes and Proceedings of the Provbu-ial 

Council of Otajo^ 1875. 



COALS. 

Eight saipples of hyd rated brown coal were forwarded fronx 
the Tokomairiro coalfield, and without undergoing any previous 
process of drying, were analysed with the following results ; — 

Coke ... ... from 37 to 41 per cent., averaging 39 per oent. 

Pixed Carbon ... „ 30 to 35.5 - „ „ 33 „ 

Volatile Hydrocarbons „ 31 to 38 ., „ 35.4 „ 

Ash ... ... „ 2 to 9 „ „ 5 „ 

Water „ 22 to 30 „ „ 27 „ 

Five samples of Lignite were sent at various times from dif- 
ferent parts of the Green Island field, and without previous drying 
yielded the following results : — 

Coke ... ... 38 to 41 per cent., averaging 39 per cent. 

Fixed Carbon ...35 to 37 „ „ 36 „ 

Volatile Hydrocarbons 30 to *61 „ „ 34 „ 

Ash ... .V. 2.4 to 3.3 „ „ 2.8 „ 

Water ... ... 25.7 to 29 „ ,, 27 „ 

A sample of hydrated brown coal from the Kaitangata coal- 
field, without artificial drying, yielded : — 

Coke ... ... ... 42. 1 per cent. 

Fixed Carbon ... ... ... 38.7 „ 

Volatile Hydrocarbons ... ... 38.9 ,, 

JX^Il ••• ••• ••• «•• 0»4 A| 

Water ... ... ... 18.0 „ 

A specimen was sent by Mr. Mo Arthur from Nightcaps in 
Southland. On analysis it showed 2 — 

Coke ... ... ... 45.3 per cent. 

Fixed Carbon ... ... ... 41.8 „ 

Volatile Hydrocarbons ... ... 31 7 „ 

iAsn ••• ... ••• t*. o*t} ,, 

Water ... ... ... 23.0 ,, "" 
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IRON ORES. 

Iron Sand. 

Three samples of black iron sand from Stewart Isl«ud, Tara- 
naki, and Tokomairiro, The iron ranges from 49 to 54? per cent. 

Po7*t Molipieux, 

This specimen is hydrated sesquoxide of iron from Port Moly- 
neux. It yielded :— 

Water ... ... ... 14 per cent. 

Oxide of Iron... ... ... 65.5 „ 

Earthy matter (clay silica) ... 20.5 . „ 

This is equal to 46 pep cent, of metallic iron. If there is a large 
quantity of this ore near a good coal field, it should take a good 
place among the industries of the future. The tmall quantity ol 
silica present (about 10 per cent.) will not require much lime for its 
removal. 

Mdtf^itivhenna, 

This sample wa^ forwarded by Capt. Hutton. It is hydrated 
sesquioxide of iron of fair quality. It yielded : — 

. Water .. ... ... ... 7 per cent. 

' Sesquioxide ... ... ... 55 „ 

Earthy mattei* (chiefly silica) ... 38 „ 

The silica (about 20 per cent.) would require lime for its removal. 
Equal to 38.5 per cent, per metal. 

Cromwell, 

** This sample consists of anhydrous sesquioxide of iron, specular 
iron ore, mixed with 30 per cent, of quartz and earthy matter. It 
yielded : — 

Sesquioxide ... ... ... 70 per cent. 

OlllCa •.• ... •.• .ata ,. 

Earthy matter ... ... ... 8 „ 

This is equal to 49 per cent, of metallic iron. It is, therefore, if in 
quantity, a valuable ore. 

Tokomairiro, 

This specimen was forwarded by Capt. Hutton from Toko- 
mairiro. It is an excellent ore. On aual^^sis it shows of — 
Susquioxide of iron ... ... 79.5 percent. 

Water ... ... ... 14 „ 

Earthy matter ... ... ... 6.5 „ 

This is equal to 55.75 per cent, of metallic iron, and in such a state 
of combination and purity as to be very easily reduced. It will, if 
found in large quantity be a very valuable ore of iron, and should 
not be neglected. 
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COPPER ORES. 

Carricic Range. 

This snmple was forwaided from Carrick by W. Bucban. It 
is copper pyrites, and contains 13.5 per cent, of metallic copper. 
It is at present unavailable, on account of the large quantity of 
fuel of good quality necessary for its extraction. From Cornwall 
similar ore of 5 to 10 per cent, of inetallic copper is transmitted ta 
Swansea for redaction. 

This sample was forwarded from Arrowtown through Mr. 
Willis. It contains 1 1 per cent, of metallic copper, combined with 
sulphur and iron as copper pyrites, and containing much earthy 
impurities. It is too poor to be worked profitably at present. 

Mole Creek. 

This sample of copper pyrites was examined in September, 
1873, for Mr. R. Gillies. It was obtained from Moke Creek, near 
Queenstown, It contains 24 per cent, of the metal, and is the best 
specimen of copper pyrites yet examined in this laboratory. 

Another sample of copper pyrites from Moke Creek and oue 
from Waifori forwarced l»y Mr. Ulrich, to be tested for gold, were 
found to contain that metal, apparently in payable quantity, but 
there was not in either case a sufficiently large quantity sent to 
determine the gold quantitatively. 

ANTIMOXV ORES. 

Carrich Rauffe. 

These samples from Carrick were forwarded by Mr. Buchau, 
and were found to contain 50 to 54 per cent, of antimony. The 
ore of this quality is too far in the interior of the country to be 
exported profitably. With good fuel, however, it might be freed 
from the earthy matters with which it i.^ associated, and then coa- 
veyed to Dunedin for transmission to Melbourne, where there are, I 
believe, large works for the reduction of this ore (stibnite) to the 
metallic state. 

Miller's FJaf, 

This sample of stibnite was sent from Miller's Flat by Mr. J. 
A. Grant in September, 1S73. It was found to contain 58 per 
cent, of metallic antmony, but the sample examined was too small 
to be taken as an average of the bulk of ore. 

Arrov.\ 

This sample, fonvarded through A. Willis, Esq., from Arrow- 
town. It contains 34 per cent, of metal, and is therefore too poor 
to work profitably. 
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MERCURY ORE. 

WaiporL ^ 

This sample of Cinnabar, forwarded by Mr. R. Gillies, was 
was obtained from Waipori. It yielded 76 per cent, of metallic 
mercury. 

Another sample was forwarded from Waipori, or Waitahuna, 
by Mr. Rutherford, and was found to contain 72 per cent, of 
metallic mercury, 

Both these ores, if they exist in quantity, are very valuable. 
The metal is easily freed, by means of cheap fuel (dried scrub. &c.) 
and lime from the sulphur with which the mercury is contained in 
cinnabar. The extensive use of mercury in this Colony and in 
Victoria for the extraction of gold is an additional reason for not 
aieglecting any ore of that metal that exists in the country. 

Waitahuna, 

A sample forwarded from Waitahuna, by Mr. R. Smith, con- 
tains from 70 to 75 per cent, of mercury, and is therefore very 
•\''aluable. 

Camch Ilange, 

This sample was forwarded by Mr. W. Buchan, from Carrick. 
It is the hest sample of cinnabar yet analysed in the laboratory. 
It contains 82 per cent, of the metal. This ore is of great value if 
present in quantity. 

PLATINUM. 
Bluff. 

A sample of this ore was forwarded from the Bluff in Septem- 
ber, 1873. It consisted of from 35 to 42 per cent, of platinum, 
black ur magnetic oxide of iron not estimated, and an alloy of 
platinum, osmium, and iridium. The ore, in its present »tate, is 
worth in London between 7s. and 9s. per ounce. 

MANGANESE (Black Oxide.) 
Taicrl Beach, 

A sample of this mineral was forwarded from the Taieri beach, 
by Mr. Banning, in November, 1873. It was found to contain 90 
per cent, of dioxide of manganese. It is, therefore, an excellent 
specimen of this valuable mineral It will be very useful 
when we shall have established in this Colony the manufacture of 
chloride of lime and other substances that require for their produc- 
tion free chlorine. This will not be done, however, until we can 
make our own sulphuric acid. 
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OIL SHALK. 

^ Ch'epnhL 

This mineral was forwarded from Orepuki through Mr. Daniel. 
It was reported on in December, 1873, as follows : — Laminated, 
very fissile, greyish black, slialc flexible in thin layers, densely 
speckled with mica scales, cuts easily with the knife with unctuous, 
wixy, section ; inflames readily over ignited lucifer match, and 
maintains after removal of the match a long somewhat smok}' 
damu ', the shale shows no trace of woody tissue. 

Distilled at low and gradually increasing temperature it yields 
49 gallons of crude tarry oil to the ton of shale. This oil possesses 
the characters of petroleum. It melts at 30'C ;86^ F.), and at 
15^C. (59^F.), has a specific gravity of 0.897. This crude oil, after 
treatment with sulphuric acid and caustic soda and redistillation, 
yields from 1 ton of shale 15.^ gallons of purified oil of specific: 
gravity, 0.798 to 0.860, suitable for burning in lamps ; also 7 gal- 
lons of oil of specific gravity from .86 to .93, suitable for lubri- 
cating machinery. At higher temperatures the residue of the above 
distillation yields a still heavier oil, also suitable for lubricating 
purposes ; finally a liquid tar is obtained, leaving charcoal in the 
retort. The products of the first distillation arc :-— - 

Water ... ... ... 25 percent. 

Earthy residue and charcoal ... 49.5 „ 

• Crude oil ... ... ... 1G.8 „ 

Duncdin, 

m 

This shale was forwarded by Dr. Burns from Burnside, near 
Blueskin. It is of tlio same mineral nnture as the Orepuki 
shale, de.scribed above. It yields per ton of shale 38 -gallons of 
crude oil. This, when purified by redistillation, after treatment 
with sulphuric acid and caustic soda in succession, yields per ton of 
shale about 14 gaUons of oil, fit for burning in l<*nip.s, and 9 gal- 
lons of heavy unctuous oil suitable for lubricating purpose's. 

If we could produce our own sulphuric acid and soda chea^y, 
it might be profitable to extract burning and lubricating oils from 
these shades. As it is, the price of imported acitls and alkalis ivS 
audi as to deter the proprietors of these shales from importing the 
retorts and other appliances necessary for this purpose. 

FELSPAE. 

'J'his specimen was collected by myself, in Port Adventure, 
Stewart Island. The mineral occurs there in pieces, weighing from 
1 l^^to 15 or 20 lbs. These fragments are derived from the disin- 
tegration of the granite. Tons of the mineral CGuld Hbe collected 
with little trouble. It will obviate the necessity of sending for 
felspar to other countries for pottery and porcelainware purposes. 
\cting on my suggestion, Mr. White, of Tokomairirc, has sent for 
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a quantity of this felspar, and I understand it is found well adapted 
for these purposes. Tlie mlueral yielded to two of tbe students of 
tha Laboratory, the following results : — 

Mb. Will: 



Silica 

Alumina 

Potash 

Soda 

Lime 

Magnesia 



} 



66.6 per cent 

18.6 „ 
12.6 

2.6 



99 

99 



Traces. 











100.4 






Mr. Solomon, 


I 




Silica 








58.1 per cent. 


Alumina 








22.0 ,. 


Potash 








11.9 „ 


Soda 








4.3 „ 


Lime 








4.7 „ 


Magnesia 








0.28 „ 



101.28 

The parts analysed were taken from different pieces of mineral. 
The large percentage of alkali (1 5.2 and 16.2 per cent.) makes 
the stone an excellent iiax for glazing in the Pottery Works. 
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PLATE VII 




S£ C Tl ON ¥1 DIS TM NCi 2S MIL I S 
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SICTIOH fll DISTMNCE 9 MILLS 
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SECTION ¥111 DISTAHCE 2 MILES 




SECTION IX DISTMNCE 8 MILES 
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GOLD FIELDS OF OTAGO 



By G. H. F. UiJticH, F.G.S. 
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INTRODUCTION. 



To His Honor the Superintendent of the Province of Otago. 

Technological Museum, Melbourne, April 1875. 

Sir, — I have the honor to submit herewith for your considera ' 
tion the observations I made durin.^ my recent journey of inspec- 
tion through the quartz mining districts of Otago. The instructions 
contained in your letter of the 21st December, IS74, were, that I 
should devote myself principally to an exaiiination of the quartz 
workings, with the view of reporting g^^ner.illy on their geological 
reLitions, and more particularly in regard to any improvement I 
might be able to recommend in the mode of mining, crushing, or 
amalgamating, as would come within the scope and means of private 
enterprise ; nnd further that, if not unduly trenching upon the time 
required for such exianinations, I should pay attention to and afford 
information on the known occurrences in difFurent parts of the Pro- 
vince of copper ore, cinnabju", antitnony, and other minerals that 
came under my iiotice. 

In obedience to these instructions, and mostly under the valuable 
guidance of Mr. D. MacKellar, the Sc'tretary for the Goldfields*, 1 
have visited all the princi[)ril quirtz mining localities of the Province, 
viz., Tokomairiro, Tuapeka, Waipori, Beudigo, and the Carrick 
near Cromwell, Arrow, Skipper's Crenk, the Rough Ridge, Macrae's 
Flat, Shag Valley, Green Island, and Portobello, and besi les ex- 
amining most ot the quirtz reefs in work or opened, and the crush- 
ing mills existing in each district, 1 also made observations in cwr- 
tain localities on the auriferous drift deposits, and on the occurrences 
of copper ore, cinnabar, grey antimony, and on some of those —for 
Otago most important ones — of brown coal. Finding that iu 
merely working out the copious notes taken during these inspections, 
very frequent repetitions would be unavoidable, more nspeoially in 
my recommendations touching the working of the mines, crushing, 
and amalgamating;, prospecting, etc., I thought it best to embody 
the principal observations and recouimendatious in a general report, 
throwing into appendices the special description of the mines, and 
certain information I have to afford on a profitable mode of burning 
brown c«)al for boilers, in a fireplace of novel c mstruction, i:ivented { 

in Germany. Having, in forming my opinion on the reefs uf the 
Province iu their various stages of development, and more ♦fepecially 
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with regard to their chances of carr}'ing payable gold in depth, 
taken those of Victoria a» my principal standard of comparisun. I 
think it but fair to state my reasons for so doing. It will be re- 
inenibered that a celebrated, perhaps the best, authority on the 
ociurrence of gold in matrix in the older rocks — the late Sir Rode^ 
ick Murchison— propoufided in the third edition of Siluria, when 
speaking of the Victorian goLitields, the hypothesis that the geld 
in tjuarlz reefs would gradually decrease in «|uantity downward, and 
ultimately nin out, or at least become unpayable to work at a 
limited depth. His reasons for this prognostication were solely 
based upon mining experience in other gold mining countries. 
Nevertheless, the miners of Victoria worked coiirajreously and suc- 
cessfully deeper and deeper, and ihus in later years it was iiicontes- 
tably proved that g»>M occurred there in payable and even large 
quantities at depths which certainly did not deserve to be called 
'* limited," Sir Uoderick, in his la>t edition of Siluria, fairly with- 
drew from his (mginal standpoint, acknowledging that the results of 
quartz-mining in Victoria put former general experience at fault, 
and inf» rring that quartz reefs of similar character and geological 
relations might oflfer similar chances of success in depth. 

In more recent years the results of deep mining in Victoria 
have still njore fully established the downwara extent of the gold, 
and several reefs are there at present being profitably worked at 
depths approaching 1000 feet. Considering all former experience 
in gold mining in the matrix in other countries (California excepted), 
everyth'iig concerning mineral chdracter, structure and behaviour of 
the auriferous quartz reefs of Victoria in depth, is therefore new to 
miring science, presenting, as it were, a new experience, fairly 
applicable in judginjf of the chances of similar quartz-reef occur- 
rences el>ewhere. And as Ifoun<t the reefs of Otago to exhibit this 
resemblance — in many respects a very close one — to Victorian reefs, 
1 shall. I think, be considered justified in basing my opinion of 
their prospects upon certain features exhibited by the latter in 
similar stages of development. 

THE AUBIFEEOUS REEFS', 

GeHernl Geological Observations. — As introductory to the des- 
cription of the reefs, the following remarks on the nature of the 
country r(»cks in which the reefs occur, or gold Laa been found in 
matrix, will save frequent repetitions. With the exception of those 
of the auriferous locality near Portobello, specially considered 
further on, the rocks cimsist throughout according to my observa- 
tions, and which are confirmed by Captain Hutton's, the Provincial 
Geologist's more extensive and detailed geological survey — of raeta- 
morphic schist, i.e., argillaceous mica schist or phyilite, changing 
from the east towards the west into real mica schist, with su'tordi- 
Tiatc bai^ of chlorite-schist, or chloritic mica schist. The line or 
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boundary where this change takes place has with difficulty been 
traced by Cafitain Button, but it appears that within the large dis- 
trict on the wrst, occupied by mica schist, there exists at least one 
rather large area, viz., the Carriek Uanp;e, whore the rock conforms 
in all lithological respects to true phyllitc, and this ringe lies, 
according to Captain Hutt»»n, within the line of a main anticlinal 
axis. Whether this inlying" patch of phyllitc represents a remnant 
of denudation of an once su »erincumbent ficoneral formation on the 
mica schist, or wlicther it simply constitutes an area where the 
meiamorphio action and change were of less intensity, remains a 
difficult problem, to be solved by future investigation. Only at two 
places within the Extensive metamorphic district I obtained evi- 
dence of the existence of an intrusive rock, viz., high up the Carriek 
Range, in small dykc-and-knoblike protrusions of a dark " horn- 
stone-porphyry," and at ^Vlexandra in several specimens of a similar 
porphyr}^ said to be derived from a reef-like out-crop (no doubt a 
dyke) on thi northern slope of the Old Man Kange. Mr. Coleman, 
of Alexandra, knows of several more dykes of this kind in other 
localities. Massive occurrence^ of granite, such as characterise the 
neighbourhood of most of the Victorian Gold Fields are, liovvever, 
quite absent. 

As a general rule, both the phyllitc and mica schist, but more 
especially the latter, are rich in in terlami nations of quartz, generally 
from less than one-fourth to near one inch in thickness, but some- 
times assuming considerable dimensions — one to three feet in thick- 
ness— thimgli with no regiilarit}^ and permanency in strike and dip. 
These generally lenticular-shaped masses, and, as a specimen 
shown me at Alexandra proved, also the small interlamination^^ of 
quartz, have at several places been found auriferous, which led to 
their being erroneously mibtaken for true reefs or their leaders ; and 
a considerable amount of money and labour has been wasted in their 
exploration. As a case in point, I m jy here notice the workincrs on 
the so-called Butcher's Gully Reef, near Alexandra. There, on a 
rocky, high table-land, con-isting of nearly flat bedded mica schist, 
full of quartz intcrlaminations, a fine large shaft has been sunk GO 
to 70 feet deep, and furnished with a pump worked by a water- 
wheel, which receiv<.d its water supply by means of a long svo »den 
flume from an extensive race on the neighbouring range. Gold at 
the rate of G dwt. per ton is said to have been crushed from the 
quartz, but as neither in the shaft nor in the stuff worked out of it, 
nor in the surrounding country, any indications of a reef are visible, 
the auriferous quartz found must no doubt have been derived from 
one or several of the small intcrlaminations, and tiie prospects of the 
place would, therefore, certainly not warrant further expense in 
more extensive exploration. There are certain inferences to which 
the existence of these auriferous qu irtz interlam' nations lead, 
namely, that they may be more frequent and more widely di[^ributed 
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than hitherto supposed, and that the riches in gold of the drifts of 
the Province ?ite in some measure, at least, due to their denudHtion. 
As regards the strike and Hip of the schists, they are subject 
to great changes throughout the country, the former running 
throug'i nearly all directions of the compass, and the latter 
from horiznntal to vertical, from one side to the other; and 
these variations are in .^.ome places, as for instance on the Carrick 
Range, so fre«iuent, and exi-^t in such close proximity to each other, 
as to render the taking of any mean dip and strike quite a hopeless 
task. I have therefore, in the subsequeni descriptions of the reefs, 
been in most instances obliged to give merely the relative position 
of the latter to the <:ountry — i.e., whether tliey traverse the rocks 
either iii strike or in dip, or in both. On the large scale there 
t^xists, as already mcnti< jk d, aceording to Captain Mutton's obser- 
vations, a main anticlii;al axis running nearly north and south 
through the country, including the Carrick Range in its course, 
from whiirh axis the a^'erage dip of the rocks is on th© one hand 
eastward, on the other westward ; and in the latter direction, 
more especially between Arrow and Skipper's Creek, a more than 
usual regularity obtains in the westward dip, as seen in the ranges 
bounding the Arrow and Shotover llivcrs. 

Grouping of Ihe He^fs, — The auriferous reefs oppned through- 
out the Province differ very much, both in structure and mode of 
devehjjmient ; still tliere are some districts of which, though they 
lie rather far apart, the reefs show much reseml lance to each other 
in the above ret^pects ; w hilst again in other districts, comparatively 
close t(»gether, the difference in the nature aiid behaviour of the 
reefs is very great indeed. Taking advantage of these alliances, in 
order to simplify the description, the reefs and other occurrences of 
gold in matrix may be gr<»uped as follows : — 

1st Group : The ^addle Hill Reef, Green Island, near Dun- 

edin ; the Reefs of Tokomairiro (Canada Reef, &c.) ; the 

Gabriel's Gully Reef, near Lawrence ; the O. P. Q. Beef, 

"Waipori. 

:3nd. Group: The Reefs of Bendigo, near Cromwell; the Rough- 

Riiige Reefs ; Conroy's Gully Ikef, near Alexandra. 
3rd. Group : The Reefs of Carrick Range. 
4lh. Gioup : The R«efs of Arrow and Skipper's Creek. 
5th. Group : The Reefs of Macrae's Flat and Shag Valley. 
Cth. Group : Exceptional occurrences of gold in matrix — the 
so-called Peninsula Quartz Reef at Purtobello. 

)st. Group: Saddle U ill Jleef, GahrieVs GuUg, 0. P. Q. Reef^ 
Canada Meef. — These reef are true lodes, promising permanency 
in depth. They have well defined foot and hanging walls and clay 
casings or selvages, and cross the country (phyllite) both in strike 
and dip, though the difference in angle, either iu strike or dip, or 
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sometimes iu both^ is generally not considerable. la their structure^ 
development, and mode of occurrence thoy resemble very closely a 
certain class of Victorian reefs, called *' Block Reefs," the typical 
characteristic of which is, that they are composed of generally a 
number of blocks of quartz, either with contractions of the lode 
fissures between, or, what is the case here, alternating with blocks 
of mullock — the latter term meaning gangue matter, Consisting of 
country rock slipped into the lode fissure, where in course of time, it 
became more or less mineralised, impregnated with pyrites and 
traversed by small quartz veins. These quartz and mullock blocks, 
which reach sometimes considerable dimensions, extend hardly ever 
vertically downward, but show an endlong dip in strike within the 
fissures— north or south, cast or west, as the case may be — in the same 
reef invariably, in the reefs of the same district generally, in the same 
direction. The feature may, in fact, be considered as an oblique 
banded structure on the large scale. In the reefs under notice the 
thickness of the blocks reaches in some cases 1 2 feet, and their 
dip in strikefc generally at rather flat angles. According to expe- 
rience, gold occurs both in the quartz and mullock blocks ; but the 
former have hitherto invariably been found the richest, and in them 
its distribution is mostly not uniform throughout, but, as found in 
the Gabriel's Gully Reef, for instance, a rich small shoot dips at a 
flat angle across the block ; or, as in the Canada Reef, a number of 
narrow, rich runs, dipping in the line of the blocks, are separated 
by poorer quartz ; or, as in the Waipori Reef, a certain thickness 
on the hanging and foot walls is richer than the centre, &c. The 
appearance of the quartz, and this appertains also to that of the 
reefs of the other groups, varies very much accor«Ung to whether 
the stone comes from near the surface or from beneath the water- 
level. In the first case it is white, opaque, and mottled and striped, 
with brown iron ore, or ferruginous slaty matter ; in the latter it 
shows a bluish color, is slightly translucent and glassy, and full of 
blackish spots and seams of slaty matter, which, as well as the 
quartz itself, are more or less densely impregnated with pyrites. 
"With the exception of the O.P.Q. Reef, Waipori, which produced 
from the old workings a very good average per ton, and promises 
richer yields from the new ones, the other reefs of this group are 
rather poor in gold, the yield ranging not much above 5 dwts. per 
ton throughout. Still, considering the thickness and extent of the 
quartz-blocks, the facility with which they can generally be worked, 
and that sometimes the intervening mullock is worth crushing, on 
account of thin rich quartz seams traversing it, they ought to be 
profitable to work — i.e., on a larger scale than has hitherto been the 
case — for at least several hundred feet in depth ; more especially if 
attention is paid to the saving and treatment of the pyrites ; and 
the truth of this opinion is in some measure already shown by the 
results of the Canada Reef Mine, which, though worked by shaft on 
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a limited scale, produces from a depth of 80 feet, accordincr to tke 
XDanager's statement, a small profit from au average yield of 5 dwts. 
of gold per ton. 

2Tid Gt^oit]) : The lieefs of Bendigo, and the Rough Hidge, 
Conrog's Gidbj Reef^ near Alexandra, — My reasons for "Touping 
these reefs together are based more upon their exhibiting unmis- 
takable structural differences from the reefs of the other groups than 
upon any similarity to each other in several aspects, touching mode 
of development and relation to the country. Their thickness is, in 
the average, but small, ranging generally from one half to two feet, 
and exceeding rarely four feet, and, as far asworkin^rs have proved, 
they do not consist of s«»lid quartz throughout, and but seldom so 
for any considerable extent in strike and dip (Logan's Reef). They 
represent, in tact, in certain respects, ** block reefs," though with 
this difference from the true reefs of this class, that blocks of quHrtz 
and mullock of irregular size and outline are more or less irregularly 
intermixed, and do not, as those of the latter do, Hip at certain 
angles, and- in the same direction in strike. Most of the reefs of 
Bendigo show well-defined walls with clay casings, strike nearly 
uniformly east and west, are mostly traceable for long distances, and 
— what constitutes them very ** strong " ones in mining sense, and 
indicate? permanency in depth — they traverse horizontally, or very 
flat -bedded mica schist, vertically, or at very steep angles. The 
reefs of the Rongh Ridge vary in strike, though not at large angles, 
and most are not traceable far in strike. They are generally not so 
well defined as those of Bendiro, and seem liable to frequent irre- 
gularities in strike and dip, contractions, and more especially to 
being faulted by slides ; but these unfavourable features are appa- 
rently the results of surface disturbance only, and may disappear in 
depth. It is not uncommon, both at Bendigo and the Rough Ridge, 
that reefs split in strike into branches, which, though deviating 
at first frt)m, assume gradually again the strike of the main reef, 
and run thus pretty close and parallel together, some increasing to 
the same, or even a greater thickness than that shown by the latter. 

Besides *' leaders" that dip t<»wards them, so-called ** droppers,** 
dipping at generally flat angles away from them, have also been 
observed in some of the reefs at both places. With regnrd to ihe 
mode of occuiretice of the gold, the comparatively superficial work 
done oij most ot the reefs hardly permits to form a definite and 
generally applicable opinion. Judging, however, from those most 
extensively and deepest worked, it would seem that the metal is 
accumulated in rich shoots of variable width, that dip at rather 
steep ai.gles in strike in the quartz blocks ; whilst the portions 
intei vening between the shoots, includino; the mullock patches, are 
poor, but generally rich enough, or of such limited extent as to 
render it the most economical to work them with the rest, without 
resorting to special selection. Excepting the yields from Logan's 
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B^ef, as unuaually rich ones, those from the other reefs hnve been 
by no means low in the average, as they rai^ged up to 2 oz. per 
ton, and from hardly a single reef were they reported much below 
half an ounce per ton. Considering this, I was much astonished to 
see so many of the reefs and claims neglected (at the Rough Ridge 
over 20 claims were once worked, whilst at present only a single 
one) ; but the reason was explained to me to consist partly in the 
high prices charged for crushing, partly in expensive cartage, and 
more especially in the want of enterprising miners, those who 
worked the top having become afraid of the hard work and expense 
required in contending with the water. With regard to the pros- 
pects of the reefs in depth, I consider them, where the reefs are 
well defined, as very favourable, both as concerns persistency in 
auriferous character and regularity in average size. But in specu- 
lating upon profits to be derived from future working, several 
important points must not be left unconsidered, viz., the compara- 
tively smaUi size of the reefs, expenses connected with getting rid 
of the water, and greater difficulty in extracting the gold from the 
quartz ; for below the water level, which lies in several of the reefs 
considerably higher than one would suppose from their elevation 
above the nearest permanent surface water, the seamy quartz is 
throughout very metalliferous ; in fact, it promises at greater depth 
to become more highly charged with metallic sulphides (iron and 
arsenal pyrites, galena, zincblende, &c.) than in any of the reefs of 
the other districts I examined. Timely attention to improvements 
in the gold-saving appliances is therefore highly advisable. The 
eixpense of working narrow reefs will in depth also considerably 
increase, in consequence of the increasing hardness and closeness of 
the country, which latter is comparatively more unfavorable to 
work on account of its horizontal bedding. However, against this 
may be placed as a perhaps more than adequate set-ofif the high dip 
of the reefs, which much facilitates working, and, what is of greater 
importance, that the hardness of the rock, in conjunction with its 
horizontal bedding, renders the sup[)orting of the workings very 
cheap and simple. 

3rc? Group : The R^efs of the Carrick Range. — The generality 
of these reefs present in several re>pects quite distinctive characters 
from the reefs of the other groups. They are peculiar clayey 
ferruginous " mullock reefs" or rather " quartz muliock reefs," so 
soft that they can mostly be worked by pick without the aid of 
borinji^ and blasting ; and the quartz, which apparently forms no 
large per-centage of their mass, occurs only in the .^hape of coarse 
sand, and small angular and slightly rounded pieces — such reaching 
or surpassing the size of a fist being rather rare. Whether it repre- 
sented originally interlaminations in the mullock, or was formed 
in veins, is uncertain, but a kind of banded structure in the line of 
dip of the reefs speaks in favour of the latter. These reefs vary in 
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thickness from less than 1 foot to over 6 feet ; they strike in all 
directions across the country, but are only of short extent, and differ 
very much both in direction and angle of underlay — the latter 
ranging from vertical to less than 20®. Some of the reefs show 
also much irregularity in tbeir course, for they expand and contract, 
twist aTid curve in strike and dip in quite a peculiar manner, and 
are— what is the case also with most of the others — frequently 
faulted by slides and cross-courses, so that it requires very greit at- 
tention and perseverance on the part of the mining managers not to 
lose them. Considering all these points in connection with the fact 
that the country — a rather soft phyllite — is also very much dis- 
turbed both in strike and dip — steep and flat dips alternating and 
changing in direction within short distances — it appear* next to 
certain that not only the peculiar soft and gravelly nature of the 
reefs, but also the exceptionally flat dips of some are not original, 
but due to Ftrong pressure, friction, upheaval, etc. ; and as the 
cause of these disturbances appears the must likely the intru^^ion of 
the dark horn stone-porphyry, which, as mentioned at another place^ 
occurs in small knobs and dykes at several places on the range (near 
Carricktowa.) Unfavourable as these features no doubt appear, 
touching straightforward and uninterrupted working of the reefs in 
future, I feel no apprenension of the latter giving out suddenly, or 
at a limited depth, for they are in every respect true lodes, crossing 
the country both in strike and dip, and showing the most frequently 
the hanging wall, less frequently the foot wall, and in some instances 
both walls well defined and separated from their mass by clayey 
casings, mostly polished and striated, representing the so-called 
*' Slicken-sides," which afford unmistakable proof of movements of 
the wall of the reefs. 

The gold, both in the quartz and mullock, is very fine, and, 
owing to the sott and ferruginous nature of the stuff, specks can but 
very rarely be seen during working. Judging from the crushings 
and occasi«inHl washing of prospects, it occurs chiefly in shoots 
dipping in strike, less in irregular patches, but seems also to be 
pretty generally distributed throughout the whole extent of the reefs, 
as far as opened. The yields of most of the reefs opened have in 
the average been very fair, as they ranged between ^ and 1 ^oz. per 
ton. On account of its softness the quartz mullock is easily crushed, 
but the saving of the fine gold requires great attention ; and, as the 
supply of water, which the proper treatment of this kind of stuff 
requires, is rather above the average, but has at the existing machines ^ 
been frequently much below it, and their savii g ap, liHUces are not 
the most suitable ones besides, I am sure a great deal nf the gold 
has been lost in the tailings. There is at the level of even the * 
lowest workings not much pyrites observable in the reefs, still the 
ferruginous character of the mullock, as being no doubt a result of 
its decomposition, points to its former presence in large r quantities 
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and it may with certainty be expected to increase in abundance in 
depth. As regards the expense of working the reefs, the soft nature 
of both the mullock and country renders it small in one respect, 
viz. : — that of exploitation proper ; in another, however, viz : — that 
of supporting the workings rather large, on account of the high 
price of timber, and the expense in this respect increases of course, 
in order to avoid acc.de?its and collapse, the flatter the dip of the 
teefs. Fortunately there are on the field experienced managers and 
miners, well able to cope with this difficulty in the most economic 
and practical manner. 

4<A Group : The Reefs of Arrow and Shipper^ s Creek, — The 
only reefs in this grnup in course of being worked, and of which I 
•was able to examine the workings, are " Southberg*s" and the 
** Nugget and Cornish," Skipper's Creek ; still, from examination 
of the outcrops of some reefs at Arrow, and information received 
about the character of a number of others once worked, but since 
abandoned, in both districts, I was enahled to form the following 
opinion on the general character of the group : — These reefs are true 
massive lodes, ranging from 4 to over 20 feet in thickness, which 
cut through the country both in strike ami dip — the latter being 
generally steep — and show more or less well defined walls, with 
clay casings ; a number are traceable for long distances - some for 
miles — in strike. In point of composition and structure they 
approach, however, far more mullock reefs than quartz reefs — they 
represent, in fact, fissures partly filled with debris from the country, 
full of interlaminated quartz, |»artly occupied by bunches and veins, 
of variable size, of true reef quartz. The mullock seems in the larger 
reefs to be generally predominating, and forms in places where their 
width very much increases by far the greater part of their mass — in 
fact, experience tends to prove thnt the thicker a reef is, or the 
wider it becomes the more mullock it contains, whilst on the con- 
trnry, decreasing thickness is connected with a relative increase in 
quartz, and the reefs become also better defined. The bunches and 
■veins of reef quartz occur either on the hanging or footwalls, or on 
both walls, rarely in the centre. They appear to dip shootiike in 
strike, and are generally only in payable quantity within the line of 
the quartz shoots, or mineralized mullock, with its interlaminations 
and fine cross veins of quartz, has also, in all the reefs opened, been 
found to contain gold throughout, thongh generally only in paya*»le 
quantity within the line of the q' arbz shoots, or where the reefs 
much contract in size. The yieL s uave ranged from several dwts. 
to over 4oz. of guld per ton, but average from the reefs at present 
worked about 10 to 16 dwts. per ton. Although noLe of the reefs 
at Skipper's Creek have as yet been opened below permanent water 
level, they are already highly charged — both quartz and mullock — 
with pyrites, which seriously interferes with the satisfactory saving 
of the generally fine gold during cnuhing. This led the Phoenix 
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Company, after Mr F. Evans, the manager, had proved the payably 
auriferous character of the ore as such, to erect in connection wi^ 
their crushing mill the necessary works for extracting the gold from 
the large quantity of it saved on long blanket strakes. The country 
is, with regard to most reefs, very favourable for their being easily 
and cheaply worked, owing to the highly precipitous nature of the 
mountains which they traverse, and the deep valleys and gorges 
from which they can be opened, either directly in strike, or by but 
short cress adits. Still there is at Skipper's Creek one serious draw- 
back to regular systematic working, affecting the most important of 
the reefs within certain depths, namely, although the country rock 
— mica schist — appears on the large scale but little disturbed in 
strike and dip, it is throughout highly fissile, and traversed by 
numerous cracks and joints, and these features combined, aided by 
percolation and freezing of water, have originated enormous slips 
from the precipitous mountain sides — faults, in a certain sense — ^by 
which the continuity of the reefs is completely broken. In fact, 
nowhere on the slopes of those steep mountains can the miner be 
certain of having a reef exactly in its original place or unshifted. 
These disturbances, which render working dangerous and cause 
much expense in timbering, extend, however, to within the level d 
the nearest gorges or valleys only ; below this, there is every pro- 
bability of the lay of the reefs becoming less broken, though the ex- 
istence of smaller faults and other irregularities must there ako be 
apprehended, on account of the fissured nature of the country. As 
regards the continuance of the gold in depth, I see no reason to 
doubt it, yet I think it very likely that the doubtless increasing 
abundance of pyrites may, as in Victoria — and this refers also to 
the reefs of all the other groups — be connected with a corresponding 
decrease of fine, free gold in depth. 

bth Group : The Reefs of Macraes Flat and Shag Valley. — ^lu 
point of definition and mode of occurrence these reefs, which 1 
found all deserted, are, in my opinion, the least promising ones of 
the Province. Judging from those I could examine, and informa- 
tion about a few others that have been prospected, they represent 
either so called " layer-lodes," (Duke of Edinburgh Reef, Macrae's 
Flat, Shng Valley Freehold Company Reef), or are merely interla- 
mi nations between the beds of pbyllite that forms the country iu 
both districts. 

Touching the layer-lodes, their general characteristics are that 
they strike and dip with the country, having the foot wall (one and 
the same bed of the country) generally pretty smooth throughout ; 
but the hanging wall, mostly quite irregular, uuiven and traversed 
T)y leaders. They are, on account of this mode of relation to the 
country, subject to all the changes in strike and dip of the latter, 
and, if these are great, are liable to frequent clianges in thickness 
and cfin generally not be depended on for persistency in depth. Iijl 
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thfi cases nnder notice, the stratification of the country is fortunately 
pretty regular, and all points are therefore in favour of the reefs 
being also more regular in course and thickness, and having a better 
chance of persistency in depth than is usually the case. Their dip 
is rather flat (less than 45^), and they are from 2 to 5 feet thick in 
the average, being composed of mullock and rather good looking 
quartz; the latter generally predominating and occurring in bunches 
and veins mostly on thn foot wall, or being irregularly intermixed 
with the mullock. The gold occurs both in the quartz and the 
mullock, though mainly in the former, and the yields have ranged 
firom a few dwts. up to 2 oz. per ton, but did not pay in the average; 
therefore the reefs were abandoned at a very shallow depth. Con- 
sidering that the gold did not run out, and that the reefs, as far as 
opened, show a good thickness for considerable extents, in connec- 
tion with the circumstances under which they were worked, the ad- 
visability of giving them another more extensive and systematic 
trial certainly deserves consideration. With regard to the inter- 
laminations, which were considered to be reefs, and of which some 
are in places several feet thick, they conform in all respects to what 
, was said about these bodies in the beginning. That they are quite 
unreliable, concerning gold-bearing character and extent in strike 
and dip, is proved by the fact that, though several carried good 
gold (above 1 oz, per ton) near the surface, either their irregularity 
or impoverishment, or both cases combined, rendered working soon 
unpayable, and they were deserted in consequence, and, I may re- 
mark, do not invite renewed and more extensive prospecting. 

bth Group : Exceptional occurrence of gold in matrix. — The so- 
called Peninsula Quartz Reef at Portohello. — These curious occur- 
ences of gold which I inspected, in company with Captain Hutton, 
the Provincial Geologist, do not, though believed to do so, repre- 
sent a quartz reef at all, but are, as far as the superficial workings 
and the reported results of trials allow one to jadj<e, impregnations 
of gold in a finely divided state through various kinds of rock that 
will be described farther r»n. Tn a geological point- of view, this 
auriferous locality and neio^hbourhood are the most interesting I 
have seen during my visit, aud would well deserve a special detidled 
topographical and geological survey. True trachyte, trachyte- 
breccia, and tufa, and indurated ash-beds, broken through by dykes, 
and irregular dyke-like masses of basalt, compose principally, as it 
seems, that part of the Peninsula ; whilst sedimentary rocks — 
sandstone and limestone — the geological relation of which requires 
yet to be determined, form apparently a narrow strip between it 
and the mountain on which Mr. Larnach's mansion is built. This 
mountain, consisting in its upper ^rt of trachyte and basalt inter- 
mixed, seems, from half-way down its slope, tc^wards the base, to be 
composed ot sandstone, which in a small quarry is clearly seen to 
dip underneath the volcanic top Tock.* As regards the places 

* See aati pa^ 48« 
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opened — fonr in number, in three of whicli gold has been proved 
by trial crushings to exist — they lie pretty nearly in a line (the 
supposed line of reef) down the steep slope of a mountain, at that 
part composed of greyish-white trachyte. Progressing from above 
downward, the place highest up the slope consists of an old saw- 
pit, from which a short prospecting drive has b^^en put into the 
mountain. Quartz c^f a rather concretionary character wab here 
found in the shape of an irre/a^lar bunch, enclosed with trachyte — 
the whole quantity lying about amounting to about one ton. In 
this no gold was seen, Hud no trial was made of it , but h specimen 
has been reserved for assay. The second opening, about 100ft. 
lower down hill, is a small, shallow excavation in trachyte, which is 
hfere full of siliceous segregations of irregular outline — some nearly , 
one foot in diameter— of a quartzite-like character and bluish white 
colour (** l^astard quartz," in miners' phrase), in which very fine 
grains of pyrites can be seen in abundance. Of this stuff two trial 
crushings, one of 2 cwt., gave 18 grains; the second, of a ton, 
yielded ^ oz. of pold ; and Messrs. Forbes and McAuley, the pro- 
spectors, who kindly showed us over the ground, affirmed that they 
could wash a pretty fair prospect of fine gold from every tin dishful 
of the small stuff excavHted. In the third opening — a smxll open 
cutting, some 60ft. below the previous one — very close-grained 
white trachyte was excavated, of which a trial crushing of a ton 
yielded 3 dwts. of gold. The fourth and last opening lies at the 
foot of the mountain, and consists of a good shaft of 40ft. in depth, 
with a small drive at the bottom. It penetrated for the first 25fti 
through loose ground, and the last 15ft. through a decomposed cap 
into a hard coarsely crystalline rock, composed of hornblende^ 
triclinic feldspcar, and some qu .rtz, and being more or less densely 
impregnated with very fine grains of pyrites. Ibis rock continued 
also in the drive. Three trials were made, viz : — Two of the hard 
rock of 1 ton and \ ton, which yielded respectively 8 dwts.*iind 
1 1 dwts. of gold ; and the third of 1 ton of the softer decomposed 
cap-rock, which gave, strangely enough, only 6 dwts. of gold, whilst 
generally decomposed portions of pyrites-bearing rocks are richer 
than undecomposed ones. All the recorded trial crushings were 
executed at a good battery in Victoria, and, in order to remove 
further doubt about the genuineness of this strange auriferous 
charhcter of the quartzose, white trachyte, and the rock from the 
shaft, several small samples were most carefully tried in Dunedin, 
and these all produced gold. Accepting tlie auriferous character of 
the rocks, therefore, as satisfactorily proved, and considering that 
between the places openea there exists virtually not a feature such 
as would indicate a narrow auriferous zone or streak in their line 
down the mountain side, whilst it would seem very improbable that 
just per accident the auriferous portions of the rocks were opened 
lind exhausted, we must come to the conclusion that there is a 



GoU Fields of Ota^. I67j; 

^eat likelihood of the gold being generally disseminated — richer 
and poorer in places — through these peculiar varieties of rock as far 
as they extend. As the matter stands, the average results of the 
^washings from Nos. 2 and 4- workings are certainly such that, 
taking into account the facilities the ground offers for mining, 
abundance of timber close to, etc., they should render working on a 
large scale, with ample crushing macliinery near at hand, highly 
payable. Considering this, it would be really deplorable if the stiU 
linj(ering doubts in the reliability of the results of the trials made, 
i.e., whether the gold really came out of the stuff and not out of 
the crushing machine, wore not definitely set at rest by a further 
and more extensive trial — say of 10 to 15 tons from each of the 
two good places. 

Strange as the occurrence of gold in such matrix, and under 
auch circumstances, no doubt appears, it is in reality not without 
its alliances — at least, in certain respects — both in another part of 
New Zealand &nd in foreign countries Captain (iutton, ^bo is 
intimately acquainted with the Thames Gold Field, North Island^ 
recogniaed at once a certain resemblance between the geological 
features of the locality under notice and those of the Thames dis- 
trict. He thought the greyish white trachyte of the former looked 
much like the gold-bearing trachyte-tufa of the Thames, though 
there, as well known^ the gold is found in bunches and veins of 
genuine quartz, and does not occur finely disseminated through the 
mass of the. rock. The hard crystalline rock of No. 4 workings he 
also considered similar to a rock of which dykes traverse the auri- 
ferous tufa of the Thames, but which itself has not been found 
auriferous. As regards my own experience touching this rock, I 
think the* latter bears considerable resemblance to certain trachytic 
rocks (trachyte greenstone) which I have seen on a journey through 
Hungary and frum Transylvania, and which are there rich in auri- 
ferous Sliver and lead lodes. But from comparative examinations 
•of specimens, I can also state that in mineral composition it is 
-quite identical with, and in appearance hardly distinguishable 
fr«m, the quartzose diorite-greenstone of some of the dykes which 
in Victoria traverse upper Silurian rocks, and are themselves 
traversed by generally highly auriferous quartz veins. That the 
rock is, notwithstauding this latter close resemblance, of volcanic 
origin, and represents in reality 'Hrachyte greenstone," there can 
hardly be a doubt, however, on account of its mode of association 
•with the typical trachyte of the locality. For bobides in the shaft, 
dose round which the greyish white trachyte is plainly exposed, 
outcrops of it (the greenstone) huve also been found at several 
places in a neighbouring gully which cuts through trachyte, and on 
the slope of the trachyte range. According well with this opinion 
about its origin, and what it lithologically represents, and further 
bowing the importance of this kind of rock^ is what the celebrated 
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geologist Von Richthofen reports from the Washoe country and 
other parts of America, namely, that the rock there most prolific in 
gold and silver lodes is a volcanic rock of the trachyte series, closely 
allied to diorite both in composition and appearance, and for which 
he proposes the name " Hornblende propylite." Considering all 
the foregoing observations in connection, there exists, besides what 
we already know of their aunferous character as such, the chance 
that any quartz reefs or veins found traversing the trachyte and 
trachyte-greenstone in the locality under notice, or, in fact, 
wherever they occur, may prove highly auriferous. And on this 
account not only the neighbourho«»d of the workings, but the 
whole of that part of the Penirisula is well worth a thorough 
prospecting. The shore line showing the rucks generally plainly 
exposed offering in this respect special advantages. 

Modes of Opening and Exploitation op the Keeps. 

Opening of the Reefs, — As the steeply mountainous, rugged, 
and broken character of tlie country where most of the reefs are 
situated affords special facilities for their being opened and tiorked 
by adits, or tunnels, as they are generally, though incorrectly, 
called,"^ this method has extensively been made use of, i|uid there 
are but a few reefs which had by necessity to be opened' by shaft 
(Saddle Hill Reef, near Dunedin ; Criterion Reef, Arrow — lying in 
low flats), or for which economic reasons, obtaining of quick 
returns, &c., rendered shaft sinking the most advisable at the start* 
Touching the facilities afforded by the adits in working the reets, 
they are in all cases, no doubt, more or less considerable, according 
to circumstances; but with rejjard to positive advantages in a 
money point of view — considering in comparison the cost of work- 
ing by shaft to the depths the adits come in — they appear in some 
instances very doubtful, or are quite on the side of the latter 
method. Want of water power, and great expense connected with 
employing steam power for hoisting the stuff and pumping llie 
water, as also the procuring of easy transport of the stuff to llie 
crushing machines, formed in these cases the main reasons for 
driving the adits ; but then some of the latter might, at a compara- 
tively but small increase in expense, have been at once put in much 
lower, or more careful calculation and scrutiny of circumstances at 
the outset would, in another case, have clearly shown that the 
length, respectively totlie cost of the adit, was out of ail proportion to 
the small height of reef overhead available for working, and that 
the water difficulty might at that depth have easily been overcome 
by horse-whim. It is not, of course, possible to lay down special 
rules, applicable in all cases, touching the advisability of opening 

* To be tunnels, in the strict acceptation of th« term, they ought to run 
right through the mountaini, each connecting two points on the sui£aee> 
which none of thoio under notice do. 
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ireefs by adit instead of shaft, for local circumstances differ, and 
monetary reasons come into play ; however, I may draw attention to 
several general or, as it were, starting points that ought never to be 
left out of sight in the consideration of cases in point : — 

1. If adits can be driven direct in the lines of strike of reefs 
in which the gold occurs in such a way that they (the adits) prove 
Jnroductive workings from the commencement, they offer the 
greatest ad van tajjes as compared to shafts. 

2. Where the direction of an adit would have to be at right 
angles, or obliquely against a reef, representing dead work, the 
whole capital required io its constructi«>n must be considered as 
lost, or calculated as part working expenses of the portion of the 
reef available overhead, if, when this is worked out, a new lower 
adit can be driven for working the reef under foot ; for it (the 
upper adit) is thereby generally rendered quite useless. It main- 
tains, tof course, a certain value, if shaft sinking from it, and 
erection of hoisting and pumping machinery in a chamber con- 
structed inside, have to be adopted for deeper working. But in 
such oAes it is generally questionable, considering the discomfort 
and greater expense of this method, whether the working by shaft 
from the surface might not in reality have been the cheapest at the 
start. 

3. Whilst every lower adit will generally be much longer, and 
consequently more costly than the preceding higher, useless one, 
and take a longer time in construction, a good shaft remains per- 
manently useful for direct deeper working, and in the generality of 
cases a new block of reef will thereby be of)ened far sooner and 
cheaper than by a long adit coming in at the same de})th. Where 
adits are considered the most advantageous, and the prospects of a 
reef underfoot of an upper adit warrant it, an intended lower one 
should by rights always be commenced at the same time as the ex- 
ploitation of the reef above the upper adit, in order to render the 
interval between the productive periods of working as short as 
possible. 

4. In case of the abandonment of a mine, the machinery at- 
tached to a shaft has always a certain value. 

These several considerations on the question of " shaft v. adit " 
are only intended, however, to bear on the real opening and working 
of single mines. Shafts are out of the question in the case of large 
main-adits, intended for working several adjoining mine^ or of drain- 
ing them of water, or of such to be driven for prospecting purposes 
at considerable depth across the country. For both these kind of 
adits, the Carrick, Bendigo, and Skipper's Creek districts offer special 
inducements and facilities ; and whilst at Bendigo a deep Tunnel- 
ling Company is already in operation, another is contemplated to be 
formed at the Carrick Range. Particulars about these^are given in 
the respective appendices. 
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Exploitation of the Reefi. — The method of exploitation, or of 
working the reefs, practised in the progressive mine^ of the different 
reefing districts, is. one single case excepted, '* over-hand stoping/' 
and I must say that, unless the broken nature of the ground pre- 
vent* d it (Nugget and Cornish, Skipper's Creek), wherever the 
mines were far enough advanced (must of the mines on the Carrick 
reefs), I found this mode of working carried out systematically and 
with due regard to rendering levels and winzes safe, by timbering 
and filling worked-out places with mullock. The exceptioi al case 
alluded to is Logan's Reef mine, which, considering the small widdi 
of the reef, is, contrary to the general mining rule, worked by **under- 
hand stoping," and very economically, I must admit, yet, in a 
certain measure, at the expense of safety to the workmen, by not 
properly filling the worked-out spaces with waste. Speaking 
generally, this method, which is only practised in very wide lodes 
(2 to 3 fathoms) — for instance, in Cornwall — has, no doubt, many 
advantages over stoping overhand ; but also very serious disadvan- 
tages. As the principal advantages may be mentioned, that work- 
ing, by being carried on downwards, is easier, allows thovtise of 
heavier tools, and the men stand secure and convenient, whilst in 
over-hand stopping, it is more inconvenient and tiring, though the 
weight of the rock, in acting downwards, facilitates it ; it is also 
more dangerous, especially in jointed, fissured, and loose ground, as 
the men have to work underneath. The disadvantages of the under- 
hand stoping consist chiefly in the great expense entailed by the 
necessary timbering and mode of disposing of the waste in filling np 
of the worked-out places, it (the waste) having to be piled on plat- 
forms in front of the stopes. Next comes, that more manual labour 
is required in raising the orn from stope to stope, that the miner has 
to contend with water, and is often troubled with bad air. These 
drawbacks are so serious that, according to mining report, the method 
conies more and more out of use, and is likely to be soon entirely super- 
seded by ovt rhand stopping. As working is at present being carried 
on in the progressive mines I examined, hardly anything is done in 
prospecting the country in the hanging and foot walls of the r^^efe ; 
but as this is of great importance nud often very profitable, touching 
the discovery of rich, small companion retsfs, branches and leaders, 
the driving of occasional small crosscuts ought not to be neglected. 
Before leaving this subject I have to draw special attention to one 
great defect I found in the management of most of the mines, 
namely, the non-provision of correct and detailed plans of the 
workings. I need not enter upon detailing the advantages such 
plans have in the systematic management of a mine, and the under- 
standing and tracing of occurrences of unforeseen minin^^ features 
(faults, turns, breaks of the reefs, etc). Every experienced mining 
manager knows these well enough. But 1 must say, that befi>re en- 
ering upon the driving of adits, preliminary mining surveys of. the 
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gronnd, and tbe prAparationn of working plans, are quite indispen- 
sable, in order to avoid false conclusions as to distances, errors in 
-direction, etc. (See fjucknoTf Reef in appendix 6). The reason of 
these deficiences hitherto consists, I ^as informed, in the want of 
^qualified mininsj surveyors, and considering the importance of the 
subject, I would therefore take the liberty to recommend the Gov- 
'«rnment to appoint several surveyors of this class for the principal 
mining centres. Touching the duties of these gentlemen, they 
might, as is the case in Victoria, consist in the surveying of leases 
and claims, and in the execution of over and underground surveys, 
all which, as private work, tJ be paid for by the parties requiring it, 
whilst, durinsf intervals between such work, the preparation for the 
'Government of detailed topographical plans of the mining districts, 
^ aid geological examination, might be carried on at certain fixed 
mtes. 

Chances of Prospecting fob Attbifeeous Reefs. 

As regards the chances of the occurrence of other auriferous 
reefs in the districts under notice, I consider them to be very good. 
In the neighbourhood of Saddle Hill Reef, several (4) good-looking, 
strong reefs crop out, which, as superficial prospecting has already 
proved triem to be slightly auriferous, might likely yield payable 
stone on being trie-i at other points in their lines of strike. But 
besides this, there is in my opinion a very good chance of the exist- 
ence of an iwuriferous reef about the head of a highly auriferous 
gully, worked abreast of the Saddle Hill Reef, on the right hand 
side of the main road lead ng from Dunedin to the Taieri. In the 
neighl ourhood of the Canada Ueef, Tokomairiro, the finding ot rich 
quartz specimens outside the lines of the reefs opened, coupled with 
that of rich, nuggety gold in the north branch of the Tokomairiro 
River, is pretty good evidence of the occurrence of other auriferous 
reefs in that district. That the Gabriers Gully Reef sh >uld be the 
only aurif rons one in the luapeka district is also very unlikely. 
And, t(»uchinj< the country round Waipori where no systematic 
prospecting seems to have been carried on at all, I feel quite con- 
vinced that good reefs exist besides the one in work — not only in 
the neighborhood of the latter, but also in the ranges on the op- 
posite side of and about the head of the Waipori Kiver, — in order 
to account for the gold in the drift of the Waipori Valley, the an- 
gular specimens of auriferous quartz, and the patches of highly auri- 
ferous angular drift found here and thtre in the ranges. At 
Bendigo, the Cariick Kange, the Skipper's Creek, the tracing of 
auriftrous gullies and quartz specimens led, I was told, to the disco- 
very of most of the principal reefs worked, though some showed by no 
means plain outcrops at the surface, partly by reason of tb^ir mul- 
locky character, partly on account of beiui? covered by detritus or 
being disturbed. And these features are the most serious obstacles, 
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the intelligent prospector has to contend with in these districts, for 
that the latter are promising ftelds for further discoveries of quartz 
reefs is plainly indicated by numerous auriferous alluvial guUips and 
creeks, and the occurrence of quartz specimens outside the drainage 
range of the known linc^ ot reefs. The recent discovery by 
tracing specimens of a new reef in the Bendigo district presents 
a ca^e in point. The same reasoning, based upon similar 
data, applies more or less to all the other reefing districts (Arrow, 
Bough Kidi»:e, etc.). And not to them alone, but also to the north 
and south slopes of the Obelisk Range, and to the rich alluvial 
diggings dotted alonu: the edges of the Manuherikia, Idabum, 
Upper Taieri, and other nijiin valleys, though the reefs that in the 
latter cases supplied the gold to the drift would most likely lie in 
the ranges at the heads of, and bounding, the permanent creeks and 
rivers, entering the main valleys at, or in the neighbourhood of, the 
diggings. With regard to accepting the occurrence of massive auri- 
ferous drift or of mere surface at any place in rangy country as a 
promising indication of the existence of auriferous quartz reefs in 
the neighbourhood, the prospector ought to pay special attention, 
however, to one point, namely, to the nature of both the drift and 
the gold, i.e., whether the pebbles and gold-specks are waterwornor 
not. For, if the first is the case, the deposit may be a remnant of 
a former terrace formation, far transported from its original source ; 
whilst the more angular the stones, the more hackly and crystalline 
the gold-specks are, the nearer lies their place of derivation. There 
is one district (I had no time t(» visit it) hitherto only known as an 
alluvial diggings, which, according to information kindly afforded 
me by Messrs. L. H. IVeston. Jenkins, McDougall, and Smith, of 
Arrow, presents first-class indications of being a good reefing" dis- 
trict. This refers to the 12-Mile Creek diggings, and mainly to 
the Great Barrier Range, in Avhich the Arrow and 12-Mile Oreek 
take their rise, and that forms the water-shed between them and 
the Shotover River, the position of the tract being pretty nearly in 
the line of strike of the Skipper's Creek Reefs. A big reef runs 
right along the top of the range, and in the drift of the top part of 
the 12-Mile Creek, Scanlan's Gully, Specimen Point, and in that of 
Rodger's Gully and Tobin's Point, at the head of the Arrow River, 
rich quartz specimens were frequently found, and shown at the 
stores and banks of Arrowtown, whilst at certain points in the 
12-Mile Creek large quartz blocks can be seen — one of nearly ^ ton 
in weight — showing fme specks of gold all over. The gold 
obtained from Rodger's Gully was generally so quartzose that it re- 
quired careful crushing and separation of the quartz before it could 
be sold. Lower down country, about J mile from the junction of 
the 12-Mile Creek and Arnnv River, a mullock reef, full of quartz 
veins, appearing as a wall-like formation on the mountain side, was 
cut through by a race, in which it proved to be 8 feet thick, show-^ 
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iDg well defined walls, and dipping nearly vertical Its promising 
appearance led a party of miners some time ago to prospect it, but, 
though the gold was found in the stutf, they deserted the reef again, 
and no work has been done on it since. Strong evidences of auriferous 
reefs are said to abound in many other places on the Arrow River 
and over the 12-Mile Hill, and only await the pick of the enter- 
prising prospector for their development. 

Concluding with a general comparison between this Province 
and Victoria as to tiie facilities and chances of prospecting, I must 
say that this work — looking at it in a strictly mining point of view 
only — is here much more difficult than in Victoria ; for, whilst 
there, reefs consist mostly of massive white quartz, and are plainly 
exposed on the surface, they are hero more frequently of a mullocky 
character, and mure or less covered over by detrital matter. And 
there is besides one striking difference between the two countries, 
namely, that whilst in* Victoria reefs abound all throu^rh the gold- 
fields, but, as the saying goes, ninety- nine in a hundred prove barren, 
here they are comparatively very scarce, but with this redeeming 
feature, that nearly everyone hitherto found has proved to be auri- 
ferous, and therefore, we may fairly assign the same chance to any 
ones discovered in future. 

CEUSHING MACHINERY AND (^OLDSAVl^sG APPLIANCES. 

The number of crushing machines erected and in course of erec- 
tion at the different goldfields I visited, amounts to twenty -one, 
eighteen of which — including two near completion — are for quartz 
crushing, whilst the remaining three — including two in course of 
erection — are for crushing the cement of the Blue Spur. 

Crushing Machinery. — Speaking of the crushing machinery 
proper, all these machines are, with but slight variations, constructed 
after the same model, viz., they consist of batteries of revolving 
stamps, four and five in a battery, working in cast-iron coffers on 
false bottoms, and being partly fed by hand, partly supplied with 
self-feeding hoppers. As far as I could see, they are well and sub- 
stantially erected, the comparative freedom from jar of those I found 
at work proving their stability, and^that due care had been bestowed 
upon the preparation of their foundations. At one or two machines 
the discs on the shanks were not quite in order, and the wipers too 
long, but the managers knew of these defects, and were going to re- 
pair them. On the, at one time in Victoria, much discussed ques- 
tion, whether round stamps are equal in crushing power to square 
ones, I need only remark that careful experiments under equal con- 
ditions have proved that they are nearly, if not quite, as effective as 
the latter, whilst the wear and tear, in consequence of the turning, 
is in the average leas. In the weight and lift of the stamps and the 
speed at which they were driven, there were considerable differences 
between the machines, the weight ranging from four to seven cwt., 
the lift from five to eight inches, and the speed fifty-six to eighty- 



174 Gfology of Otagom 

five blows per minute. As regards the most advantageous weight 
for stamps, opinions are still divided in Victoriji ; still, heavy s^mps 
are, on account of greater efficiency on the generally hard quartz^ the 
most in use. In my opinion, a medium of about 5| to 6 cwt 
would best suit the character of the stuff of m"st of the Ot«go reefs, 
though for such, consisting principally of hard, more or less solid, 
quartz — as, for instance, Logan*s Reef, <fec. — stamps up to 8 cwt 
would, no doubt, be preferable. 

Touching the height of drop and speed of the stamps, the 
former should not be less than seven inches, and might advan- 
tageously be increased to nine inches, especially if the stamps are 
light ; \1vhiI3t, touching the speed, it is generally considered best at 
the rate of 75 to 80 blows per minute. On the amount of stuff 
crushed during a certain time I could not obtain any definite in- 
formation, but the figures given seem.d to me to be rather low, and 
in order, therefore, to show what ought to be done under certain 
conditions, T mny mention that at the Port Phillip Company, Clunes, 
stamps of 6 cwt., driven at a speed of 75 blows per minute, and 
with a diop of eight ^o nine inches^ crush in the average 2 tons 4 
cwts. per 24 hours ; whilst others of 8 cwt., with the same fall and 
speed as ju>t given, are expected to reduce each up to 4 tons per 
diem. Regarding the iron coffers, they seemed to me rather, if not 
too shallow for both economic and effective working. They allowed 
Jbardly one iuch of loose quartz to be put beneath the false bed 
plates, and it would, therefore, require the greatest care in the 
placing of these plates, the feeding, &c., to prevent the plates from 
working unevenly into the shallow gravel bed. In fact, I think it 
can hardly be avoided that they (the plates) C(»me frequently in 
contact with the iron bottom, the result of which, of course, is, as 
the sound of the blows already indicates, ineffective working and 
great wear and tear — sometimes even an unexpected breaking of the 
coffers. On this account I think it would certainly be advisable to 
have the latter, say, about two inches deeper, so as to allow a gravel 
bed of three inches beneath the false bottoms. Considering that 
the office of these latter is not only the saving of the coffers from, 
wear and tear, but mainly to prevent the gold from being smashed 
too fine or ** beaten dead," as it is called, they should only be of the 
same size as the stamp-h'-ads, in order to leave sufficient space around 
them for the liberated gold particles to get into the gravel out of 
reach of the stampers. 

Tlie provision of self-feeding hoppers — a great desideratum for 
saving labour — has been neglected at a great number of the 
machines, and would deseive early attention. Many practical 
quartz crushers consider, and no doubt rightly, that hand feeding, if 
properly executed, is moie effective ; still it is extremely dou'»tful 
whether, especially in the case of small machines, the value of the 
increase in the quantity of stuff crushed is equal to that of a man's 
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labour ; in my opinion, this labour is far more profitably applied to 
attending upon the gold-saving appliances. With only one or two 
exceptions, I found the great defect of the coffers having only front 
discharge ; for it must stand to reason that, as it is, or ought to be, 
the aim to get the finely crushed material quickly out of tfie boxes, 
lar<^e escapes botfi in front and at the back are the most effective. 
Of cour<e. such a double discharge arrangement necessitates a cor- 
responding increase in the quantity of water to be supplied per 
stHmp-head — a supply of from five to eight gallons per head per 
minute, regulated according to the weight of the heads and the 
nature of the crushing stuff, would, however, satisfy all require- 
ments. The gudge of the gratings, varying at the different 
machines from 122 to 144 holes per square inch, is, I think, 
scarcely well adapted to the nature of the stuff treated ; for, as the 
gold is mostly very fine, the gratings should be very fine also, in 
order to ensure the necessary degree df reduction for a satisfactory 
liberation of the gold particles. Gratings with 169 to 196 holes 
I)er square inch would certainly be safer. 

Gold Saving Ajtpliances. — As regards the gold saving ap- 
pliances in use, they consist, with the exception of two machines, 
which have drop-ripples attached, of amalgamated copperplate 
tables, in some instances with improvements in the arrangement of 
the ripples, and all, except the cement crushing machines, have 
various lengths of blanket-strakes succeeding. During working, it 
is the regular custom to put quicksilver into the stamper boxes. 
For the treatment of the blanket sand serve the common revolving 
barrel with shaking table or ties attached, dolly tubs, small berdan 
machines and simple tics, though the latter inferior appliances at a 
few machines only. Although generally well constructed and care- 
fully attended to, as I found these appliances at the machines in 
work, and as they respectively are, and were said to be at those at 
a standstill, most of the managers I came in contact with were Wi-ll 
aware that they lost a considerable per-centage of the gold, and in 
some instances notable quantities of quicksilver besides. Consider- 
ia^ this general loss, which in some establishments was occasionally 
much increased through an insufficient supply of, and the use of 
muddy water, 1 attribute it mainly to three causes, viz., the use of 
amalgamated copper plates, too strong an inclination and insufficient 
length of the blanket .-trakes, and last, though not least, to the in- 
troduction of mercury into the stamper boxei. It would lead too 
fiar here to enter into a discussion upon the merits or otherwise of 
copperplate tables generally suffice it to say that tables of the same 
pattern as those under notice were at one time in high favour in 
Victoria, but careful trials soon proved their inefficiency in many 
respects, and they have at all the principal crushing establishments 
been long ago discarded in favour of more peifect. appliances which 
I shall mention further on. According to Jliisteland other authori« 
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ties OD the subject, they liave also suffered a similar fate long since 
in California — the country where they were first introduced. The 
putting of quicksilver into the boxes is no doubt a great improve- 
ment in case of copperplates being used, but it is fundamentally 
detrimental in the crushing of stuff so highly charged with pyrites, 
as most of the Otago reefs produce. For it is a well-known fact 
that pyrites generally, though certain kinds more than others (and 
these abound in the latter reefs), cause a ffouring of the mercuiy 
and amalgam in the boxes, and for the saving of such floured stuff 
no method has as yet been discovered. On this account I would 
therefore strongly advise to abandon the practice, even in case of 
copperplates being retained : for the loss both in quicksilver and 
gold caused by it alone is, perhaps, much larger tliHn what would 
be sustained by less efficient working of the plates through its 
disuse. I may at this place take the opportunity to remark, that I 
hold the practice of special harm with regard to the cement crush- 
ing machines at Bluespur, on account of the abundant occurrence ia 
the bottom portions of that cement of secondary pyrites, i.e, euch 
formed in the drift, a kind that through easy decomposition is very 
prone strongly to flour the mercury. Considering also that the 
generality of the gold crushed from the cement is dirty, ie., more or 
less coated with oxyde of iron, or pyrites, and that, therefore, the 
copperplate tables (which I found only in use) have but a poor 
chance of retaining it, I think the attachment of blanket-strakes. 
or perhaps better of a well constructed tail-race, would be found 
very profitable. Touching the blanket-strakes, they are, at most 
machines, from ten to fourteen feet in length, and their inclination 
is seldom less than one and a half inches, and reaches two inches 
per foot —both figures which, considering that the supply of water 
is mostly rather copious, are certainly not calculated to ensure a 
satisfactory saving of the fine gold and amalgam escaping from the 
copperplates ; irrespective of that, at some machines, the blankets 
are not, or have not been, washed frequently enough. Having 
herewith given my opinion on the point from whence at least the 
greater per-centage of the loss in gold and mercury proceeds, I 
would recommend the exchange of the present appliances and sys- 
tem for, or respectively their modification according to those for 
years successfully in use at the Port Phillip Company's works, 
Clunes— an establishment which in Victoria occupies the foremost 
place in satisfactory guld extraction, mainly because the practice 
there introduced of daily taking and assaying samples of the tail- 
ings serves not only for controlling and guiding the working of the 
appliances adopted, but in the case of any new invention in gold 
saving being tried, it affords also the best proof of the merits or 
otherwise of ihe latter. The system of appliances used at Clunes 
simply consists — starting from the battery — of three connected 
quicksilver troughs — the first with a lU-inch drop, the second with 
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a 9-inch, and the third, or lowest, with an 8-inch drop — through 
"which the material passes in succession, to run next over 24 to 27 
feet of blanket strakes, laid at a pitch of only one foot in 16, and 
ultimately to pass from the blankets through another quicksilver 
trough before it reaches the wastn channel. This last trough is 
only cleared, however, at intervals of several months, whilst the 
upper troughs are cleared every week. In order to keep any coarse 
stuff from entering these latter, and aljo for even distribution of the 
material, a perforated plate is fixed right in front of the battery, 
through which both back and front discharge pass on to an apron 
which leads it (the material; into the first trough. An important 
part of each trough is the splash-board, which, reaching down to 
within about one and a half inches of the bottom (of the the trough), 
near to the surface of the quicksilver compels the material, in its 
drop, to pass more or less through the latter before rising over the 
lip of the trough. All the troughs are supplied with tap-holes on 
one side, by means of which the quicksilver and amalgam can be 
drawn off when required. The whole system will be easily under- 
stood by reference to appended Plate VIII., Fig. 1, which represents 
a longitudinal section, whilst Fig. 2 is a section of the troughs on a 
larger scale with the principal measurements marked. As to the 
blanket-strakes, their small inclination requires the supply of water 
to be up to eight gallons per stamp-head per minute, according to 
the nature of the stuff, in order to keep them free from sandy 
settlement. The rate at which the blankets are washed at Clunes 
is generally the upper row every hour, the second row every two 
hours, and of the remaining length of the sti-akes the blankets of 
the upper half every six, those of the lower half every twelve hours. 
Considering the nature of the stuff of the Otago reefs, I think, how- 
ever, that partly because the more or less slimy stuff from the mul- 
lock reefs renders the surface of the blankets quickly inactive, 
partly on account of the great n mount of pyrites contained in the 
quartz, a more frequent changing of the blankets than the above is 
advisable. 

Touching the treatment of the blanket-sand, the method in use 
at most of the machines, viz , by revolving barrel and shaking 
table, gives, if properly carried out, the most satisfactory results, 
and deserves, therefore, general adoption. In the proper working 
of the barrel, upon which depends most, certHin rules require to be 
followed, however, and as I had no opportunity of judging of the 
mode of operation at any of the machines, I give the following par- 
ticulars on this head for comparison and guidance. Assuming the 
barrel to be about 4 feet long by 2 feet in diameter, it should be 
charged with 8 to 10 cwt. of damp sand, and 2 to SOOlbs of mercury 
and set fo revolve for about 8 hours Ht a speed of from 14 to 16 
revolutions per minute. After this, it should be filled with hot 
water and set to revolve again for another 4 hours at the ra^^e of 5 
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to 6 revolutions per minute, when tho operation is finished, and the 
charge — quicksilver first — may be drawn off. Having been in- 
formed that at several of the machines the practice is followed of 
putting round stones or pieces of iron into the barrel, in order to 
grind the smd finer and aid the amalgamation of the gold, I have 
to remark that I consider this proceeding likely to prove more 
harmful than advantageous, on Hccouut of the larjre quantity of 
pyrites generally present in the sand, which through the grinding 
is very liable to sicken or flour the mercury and amalgam, and this 
invariably is followed by a loss of mercury «nd gold afterwards. A 
determin ition of the exact loss of mercury iu this and the main 
gold-saving process by carefully weighing the metal at short in- 
tervals, is not practised, as far as 1 could glean, at any Of the 
machines, but as it is of the greatest importance in testing the 
comparative efficiency of the amalgamating appliances, it ought 
certainly not to be neglected in future. 

Having herewith noticed all the principal points touching the 
saving of gold from the crushed material, it remains to draw 
attention to the saving and treatment of the pyrites, which, as 
already mentioned, occurs in greater or less abundance in most of 
the quartz reefs of the Province. Although small experiments have 
as yet been made of the pyrites of but a few of the reefs, and trials 
on the large scale of that of only one reef (Southberg*s Reef, 
Skipper's Creek) proving the payably auriferous character of the 
ore, still I think there can hajrdly be a doubt, judging from Victorian 
experience, that the pyrites of all the other auriferous reefs of the 
Province is more or less payably auriferous also, and it would be 
highly advisable, therefore, after the truth of this supposition has 
been established by fire assays*, to take early steps towards the con- 

* A good practical experiment for determining the quantity of gold in 
pyrites is the following : Weigh a good ayerage sample of the dry ore — say 
aboi.t 21b8 — and roast it perfectly stceet (on a shovel over a fire will do), t.c., 
till no more smell or arsenious and sulphurous acids is perceptible on stirring. 
Place the roasted mass into an iron mortar, mix it with so much water that 
it just packs or forms a very stiff paste, and add a tablespoonful of quick- 
silver. The mass has now to be rubbed with the pestle for so long till all the 
quicksilver has disappeared, i.e., has been broken up into nearly microscopical 
particles, which are evenly distributed all throughout. A second smilar 
amount of quicksilver may be worked through in the same way, and then hot 
water, a little soda, and a larger amount of quicksilver — about 5 or 6 table- 
spoonfuls — are added, and the mass gently stirred for some time, in order to 
allow the fine particles of the quicksilver to settle down and unite with the 
large lot at the bottom just put in. Now follows the careful washing away 
of the red oxyde of iron-slime in an enamelled iron dish, and ultimately the 
retorting — at not too strong heat — of the whole of the quicksilver collected* 
Prom the weight of the gold left behind — if any — the contents of gold per 
ton of the ore can of course easily be calculated. This experiment closely 
imitates the process to be adopted on the large scale, and, cai*efully executed, 
gives within 80 to over 90 per cent of the fire assay. 
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•centration of and the extraction of the gold from the ore. Both 
these operations are not, however, very easy ones, but require, for 
profitable and satisfactory execution, much care, fayorable natural 
conditions, and a considerable amount of capital in the construction 
of the necessary works. The saving operation has to be effected at 
each single crushing mill, and for it the so-called Borlase's huddle 
with Munday's patent scrapers, is the most approved in Victoria, 
but where capital and favourable conditions are wanting for the 
erection of these rather cumbrous machines, the use of a good 
length of blanket strakes — say 20 to 30 feet — and careful attention 
to, and more frequent washing of the blankets than hitherto prac- 
tised, would at least save the greater quantity of the pyrites. With 
regard to the after treatment of the latter for the extraction of the 
gold, roasting furnaces and certain kinds of amalgamators are re- 
quired, the working of which has to be specially learned. In fact, 
it may be said to c institute a special industry which not every com- 
pany or reef owner might care or be able to enter into. In Victoria 
nearly all the lar^fer companies have their own pyrites works, but 
there are also special private establishments of the kind, unconnected 
with crushing mills, at which miners or companies can either have 
their pyrites treated at a fixed rate per ton, or can sell it at a cer- 
tain reduction on its gold-value, which latter is ascertained by care- 
ful metallurgical sample assay. A similar Qourse must be left for 
private enterprise to follow in Otago. 

In view of the fact that in the reefs of Victoria — and this as 
already stated, will most likely also happen in the reefs of Otago — 
the pyrites generally increases in quantity in depth, whilst the free 
gold correspondingly decreases, and that, moreover, the latter is the 
more difficult to s-jve, the more pyrites the stuff contains : the 
pyrites question, as it is called, referring to the modes of concentra- 
tion and after treatment of the ore, sanitary precautions connected 
with the roasting, etc., has there for .years been one of increasing 
importance, and the Government appointed some time ago a com- 
mission to fully investigate the subject in all its bearings. The 
recently published report of this commission contains full informa- 
tion, with drawings of machinery, etc., on the best methods of 
pyrites concentration, and gold extraction ; and as, if I entered upon 
a description of the respective processds, I should merely have to 
recount what is stated in it, I append a copy of this report instead. 
Considering, in conclusion, the general working effect ot the crush- 
ing machines throughout the gold-fields of the Province, there are 
two serious natural disadvantages under which all suffer, though some 
in a stronger degree than others. I refer to the hard frost in 
■winter, and the general low temperature of the water throughout 
the greater part of the year. The former compels the actual 
stoppage of the works for several months (five to six months 
at jbkipper's Creek) , the latter affects the liveliness of the quick- 
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silver, and thereby impairs, as it were, its amalgamating power. 
Against the first nothing can be done, and to ameliorate the second 
difficulty the introduction of hot water into the coffers can only 
conveniently be practised at those machines driven by steam engines. 
However, 1 think that, whilst the introduction of long blanket- 
strakes would prove a great safeguard against any loss of gold 
caused by imperfect amalgamation, the most rational way to meet 
the frost difficulty would be to have all parts of the machinery sound 
and in best working order, so as to guard against interruptions In 
crushing day and night through the summer months, in order to 
work up as well as the crushing material accumulated during winter 
stoppage, as also that concurrently produced. 

Auriferous Drifts. 

On this head I have only to record some observations that my 
time allowed me to make, whilst travelling between the different 
quartz-mining centres. Not having seen enough, therefore, to 
attempt any geobgical classification of the drifts, I will simply 
separate them into ** newer*' and "oldnr," "upper" and "lower" 
drifts, as the case may be — main divisions, the existence of which 
everyone interested in the matter will easily recognise on visiting 
the Gold Fields. 

Newer Drift. — Under this head belong all those extensive 
striking terrace formations of shingle and sand and a certain thick- 
ness, running from a few to perhaps over 100 feet of the flat stratum 
of similar material on which they rest, accumulated in those far- 
stretching, wide portions, of the present river-valleys, the original 
characttr of which as lake basins has long been recognised. The 
terrace formations of shingle, etc., resting on the rock ^f the ranges, 
fringing the valleys, the drift occurring in the smaller valleys or 
gullies between the ranges and the real river drift, are also here 
included. Besides the extensive sluicing operations which I saw 
executed in this drift along the banks of the Molyneux, Kawarau, 
and Shotover Rivers, the reaHy grand scale on which hydraulic 
sluicing is carried on at Tinker's (Blue Duck Claim, Manager, Mr. 
J. Spratt), and Dry Bread digging-^, excited most my admiration. 
To give an idea of the scale, I may mention that at Dry Bread, 
Greenbank and Company use 40 sluice heads of water with a mean 
vertical pnssureof 130 feet, lessened about 25 feet through friction 
in tiie pipes, and have 4,500 feet of iron piping, besides an expen- 
sive stock of necessary appurtenances on the grouad Althouo^h 
the stuff washed is very poor, still the enormous quantity sluiced 
through in a short time, work being carried on day and night, 
renders the operation highly profitable. Work like this is entirely 
unknown in Victoria ; perhaps the only other place in the world 
where it is practised being California. The thickness of the drift 
which rests on the so-called " Maori bottom " surpassed, in some 
places, 30 f^et, and considering this in connection with the promis- 
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-cuous way in which patches of it are worked along the foot of the 
Dunstan Range, though the generality are in front of, or near, the 
mouths of large permanent creek-valleys, one cannot help coming 
to the conclusion that the gold extends all along the foot of that 
range, the richer accumulations existing most probably in front of 
where the latter is most broken by rifts and gullies, whilst towards 
the centre of the wide valleys, it no doubt decreases in quantity, 
owing- to causes to be explained further on. And the same chance 
I. believe exists not only along the foot of the range on the opposite 
side bf the wide valley, but also round the edges of all the 
other large old lake-basins. In fact, the resources of the 
Province of this kind of auriferous drift alone are practically inex- 
haustible, and their successful development only requires more of 
the enterprise and energy, as displayed by Greenbank and Com- 
pany, in rendering the splend5d water resources of the Province 
available for hydraulic sluicing. As some of the places which I 
oonsider very promising, and certainly deserving of the special 
attention of the drift miner» I may mention the part of the old 
Clutha lake-basin in the angle where the Bendigo Creek enters, and 
along the foot of the range on which the Bendigo Reefs occur. 
Also the extensive, so-called Miller's Flat, between Arrow and 
Queenstown, which, to all appearances, represents an old channel 
of the Shotover River,.and should, as such, be very rich, judging 
from the splendid yields obtained from the river workings higher 
up. Mr. Warden Beetham first drew my attention to this dormant 
field, the high prospective mining value of which is believed in by 
many miners in the district. Another very promising area I take 
also to be the extension of Macrae's Flat towards the Taieri River. 

Older Drift. — This comprises all those enormous deposits of 
harder gravel and cement called ** false bottom," *' Maori bottom " 
from its brown colour, — upon which the newer drift rests in the 
extensive old lake-basins of the Manuherikia, Upper Taieri, Clutha, 
and other river valleys. Also, the cement and gravel worked on. 
the tops of the ranges between Milton and Havelock, that remark- 
able cement deposit of the Bluespur, near Lawrence, and the false 
bottom of Weatherstone and Waitahuna Flats, which three latter 
it must be borne in mind, represent also nothing else than lacustrine 
deposits, tliough small in surface extent, yet of comparatively great 
depth. The character and relation of all these deposits to the 
newer drift would at once suggest, to anyone acquainted with the 
gold fields of Victoria, the existence of runs or leads in their deep- 
est parts or gutters ; for, from the fact that they are all composed 
of the same kind of rock-material as the newer drift, there is no 
reason why they should not be equally auriferous. But yet, on 
comparing the relative conditions under which deposition of water- 
worn material takes place in lakes and watercourses — river and 
■creek channels — which latter the Victorian deep leads unmistakably 



182 Geology of Otago. 

represent, we find great differences ; namely, whilst in a continuous^ 
watercourse, with evenly falling bottom, the current is steady 
onward, deposition takes place all along, and — leaving . exceptions, 
caused by turns and local obstructions unconsidered, — the heaviest 
material settles in the deepest part, it is not so in a lake. There 
the current of the water of a river, or any smaller watercourse, one 
entering at one end, or any part round the circumference of the 
lake, gets suddenly checked either on account of the surface expanse 
or the depth, or both combined, of the stagnant mass of water, and 
the consequence is that the heaviest of tlie waterworn material 
(including, with regard to both the newer and older drifts, most of 
the gold), settles along the side of the lake-basin, whilst towards 
the centre of the latter, there is gradually less and finer material 
deposited. And this process goes on till the basin is ultimately 
filled up, though towards the other end or outlet of the lake, the 
deposited material will then consist of an increasinof thickness of 
poor and light stuff at the bottom, and a thinning stratum of heavy 
one at the top. Of course the more inlets or sources of supply the 
lake has, the more they vary in strength, the more irregularly 
they are, distributed around the margin of the lake, and the 
nearer its outlet, the more irregularity will be observed in the 
arrangement of heavy and light material towards the latter part and 
the centre. For these reasons, therefore, the old deposits of the 
lake-basins mentioned do not, in my opinion, •contain deep leads in 
the true meaning of the term, but what I think very likely, is, that 
a certain width around the circumference of each deposit is 
auriferous and payably, or, perhaps, richly so in front and near the 
mouths of old, or of those present main-watercourses, which seem 
also to have been the sources of supply in olden times. And thus, 
these sites would, respecting the Manuherikia basin, for instance, 
conform with those of the present upper drift workings (Tinker's, 
Dry Bread, St. Bathan's, &c.) Touching the payable character of 
the drift, the fact that the top part, as far as tried, contains no or 
but small traces of gold seems to indicate that, as is the case with 
the older drifts of Victoria, the gold is concentrated — has settled — 
in one, or perhaps several, thin layers of washdirt. If it were 
generally dispersed from top to bottom, the drift would, except in 
cas3 of .great richncbS, not pay to work on account of the diflSiculty 
and expense. Only in cases of circumscribed basins, there would 
be chance, especially if the inflowing currents were strong and 
much charged with material, of coarse stuff, and gold being distri- 
buted all over the basins, though the heaviest stuff and richest gold 
would likewise be deposited partly on the inlet sides, partly on those 
rises on which the currents impinged ; and, if these were steep, it 
would partly also slide down to the deepest parts of the basins. 
Of^ this feature, the Bluespur furnishes, in my opinion, a striking 
example. In a long, but very narrow basin, the gold might also 
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be carried by the current far down the centre, and if supplies came 
in at places dow^n the sides, such a trough might prove auriferous 
for its whole or the greater part of its length, just according to the 
number and position of these supply channels. In this respect the 
valley of the Waipori (false bottom), offers, I think, by no means 
a bad chance. If anything deserves the term ** lead," it would be 
the old drift-filled channels leading into or connecting two or more 
lake-basins, lying in the same line of drainage, or the end channels 
leading towards the sea. Of such leads, some have been wholly or 
partly removed by denudation — they once existed over our heads, 
as Mr. Vincent Pyke aptly remarked to me ; for instance, that be- 
tween the Bluespur and the false bottom of VVeatherstone Flat, and 
part of the one that must have supplied the Bluespur from the 
north-west, both which, with the denudation of adjoining parts of 
the latter itself, respectively furnished the gold to Gabriel's and 
Munroe's Gullies. The cement deposit on top of the ranges between 
Milton and Havelock may also represent remnants of denadation of 
such a lead. However, I am convinced there are some channels *of 
this kind yet existing, which it would be advisable to look for ; for 
instance, two — one connecting the old drift-lakes of VVeatherstones 
and Waitahuna Flats, and the other which fed the BluMspur from 
beyond Munroe's Gully. In fact, I think, there is even a likelihood 
of the existence of similar deposits as the Bluespur in that direction. 
From what I learned about the Cardrona workings, they certainly 
seem to represent a true old lead, and so does also a deposit, Mr. 
H. J. Cope kndly informed me of, namely a succession of cemented 
gravel-hills, commencing at the Eight-mile Diggings, Arrow Hiver, 
at a height of at least 500 feet above Arrow, and dividing into two 
branches, — one terminating at Roaring Billy, the other at the Arrow 
River, about one mile from Arrowtown. This lead has in places 
been worked by adits, and found highly payable. In summing up 
my observations about the old drifts, I certainly think it not only 
very promising and advisable to prospect for the old channels 
between certain of the lake-basins mentioned, but also to test the 
false bottom of the lake-basins themselves at the places previously 
indicated. The cheapest Jand most convenient mode of effecting 
these trials would, no doubt, be by boring. [ 
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OTHER MINERALS. 

Occurrences of Copper Ore, Grey Antimony, Cinnabar, 

AND Brown Coal. 

Copper Ore. — Of this ore, two occurrences were mentioned to 
me as worth inspection, viz. : at VVaipori and Moke Creek. Learn- 
ing, however, on further inquiry, that at neither place anything of 
the deposits could be seen on account of the workings, through 
having for years been neglected, being quite inaccessible, I did not 
think it advisable to spend the time in visiting the respective 
localities. I collected, however, from trustworthy sources, the fol- 
lowing information about the two ore finds : — 

Waipori. — Accordinjjf to Mr. Hill, the manager of the O. P. 
Q. Company, a large patch of cupriferous gossan was observed in 
the bed of the Reedy Creek, at a point about five miles south-west 
of Drummond's station. On working this patch, it led to a vein 
of yellow ore, one or two inches thick, running with the creek, east 
and west, and dipping north at one foot in eio;ht feet. The pro- 
spector's sunk a hole to the north in the creek bank, about 20 feet 
deep, when they struck the ore vein on the underlay nearly 12 
inches thick, and showing fine smooth walls. A flood soon after 
covered the workings in the creek several feet deep with mud, 
whilst the shaft fell in, and the place has not been touched since ; 
but there is still a lot of the broken ore lying about on the creek 
bank. Assays of it have produced from 8 to 24: per cent, of copper. 
The rock in which it occurs is pbyllite. A.3 ores of this class, 
found within auriferous districts in Victoria, have on assay proved 
to contain at the rate of several ounces of gold per ton, I gave a 
specimen of the above ore to Professor J. G. Black, the Provincial 
Analyst, for assay, and he kindly sent me the following r^jport : — 

" This was a sample of copper ore — copper pyrites — averaging 
12 per cent, of copper. It was examined for gold, and found to 
contain that metal in very marked quantities^ though from the small 
weight of the sample sent — six ounces of ore — I was not able to 
make a quantitative determination. A larger quantity, say 20 lbs., 
of average quality should be sent for assay." 

Considering the character and increasing thickness of the vein, 
and that the ore, accerding to the average of the assays made, 
might pay to work, if easily procurable in quantity, I think the 
vein derserves a further trial, more especially for determining its 
extent and behaviour in strike. 
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Moke Creek, — Mr. D. Mackellar, the secretary for the gold 
fields, who examined this place, could only find in the line of the 
old workings, situated close to the creek, thin seams of malachite 
and yellow ore interlaminated and small particles impresjnated in 
micha schist, which forms the rock formation of the locality. On 
the opposite side of the creek a more lode-like looking formation, of 
1-1 J feet thick, of gossan ore, crops out just , a foot or two above the 
level of the water, dipping apparently downward in strike ; the 
latter being N.W. and S.E., and the dip slightly S.W. Pieces of 
native copper, several ounces in weight, have been found in the 
creek below the place, According to Mr. Bradshaw, of Dunedin, 
the old workings followed a lode of solid yellow ore, 3-5 feet thick, 
of which assays by Dr. Hector and himself gave 22-24: per cent, of 
copper, whilst Mr. Hacket, who examined the lode on behalf of the 
Government, estimated it at 12 percent, on the average. This ore, 
of wljich I saw a large lump, in Mr. Bradshaw*s office, is also like 
that of Waipbri — an intimate mixture of iron and copper pyrites, 
and contains likewise sornje gold, according to the following report, 
kindly furnished to me by Professor J. G. Black, of an assay he 
made of a specimen I gave him, viz. : — 

•"This was a sample of copper pyrites, ranging from 5 per 
cent, to 19 per cent, of copper. It was examined for gold with 
positive results. The quantity analysed was too small, being only 
13 ounces, to determine the per centage^of gold. The quantitative 
analysis showed that gold is present in very marked quantities. 
Another sample, 20 lbs. at least, should be sent for assay." 

Taking into account the quality of the ore, and relying on the 
statements as to the thickness of the lode left in the workings 5 as 
also, that limestone for flux and fire-clay occur in close vicinity, and 
fuel is not far off, I do not see why this lode should not pay for 
working, and it seems strange that it should have been — and for so 
long — neglected. 

Orey AtUimony, — The two principal occurrences of this ore I 
was told of, are — One about six miles N.W. of Waipori ; the other 
on the top of the Carrick Range. Hearing on enquiry that the 
Waipori one is situated in a place so difficult of access, that car- 
riage expenses alone would nearly absorb the value of the ore at the 
ruling market prices, in fact, that it would never pay to work, 
except with railway accommodation near at hand, I did not spend 
time in visiting it. The ore is said to occur, similarly as in Victoria, 
in bunches running in a lode-like way for a long distance, some of 
the bunches being 5 to 6 feet wide. .According to specimens I saw, 
it is of a very fine quality, and should fetch the highest market 
price. There seems also to be a considerable quantity of yellow 
oxide of antimony (Cervantite) to be associated with the sulphide 
ore. 
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Buclian^s Antimony Lode, Carrick Eangc^This lies about 1^ 
miles east from CarricktowD, very nearly on top of one of the 
highest spurs of the Range, about 580 ft. above the nearest gully. 
It strikes E. 15^ S., and dips northward at an angle of about 56*^. 
Although only euptrficially opened in a few places, it is traceable 
for over a mile in lenjjth round the top of the range towards 
Carricktown, and also some distance down hill. Its thickness varies 
in the workings from 6 in. to 2 ft., and, as Mr Buchan, who kindly 
showed me over the ground, informed me, one block of solid ore was 
worked out weighing above 3 cwt. In parts of the lode exposed, 
the ore is, however, rather poor, being quartzose and mixed with 
impure oxide. As Mr Buchan found gold in the casing, I think 
there is, as in similar lodes in Victoria, every probability of the lodd 
proving auriferous, wherever quartz makes its appearance in some 
quantity. It is very favourably situated for being opened in strike 
at great depth by an adit-level from the western slope of the moun- 
tain, and a short adit to prospect it, at 40 to 50 ft. in depth, could 
also easily be put in at right angles to its strike. A deep adit from 
the easiern side of the range, which, I under.- tand, has been under 
consideration, would, I think, be both inadvisable and premature. 
For, although the lode is a promising one, the expense of carriage 
of the ore to the nearest market would be so high as to leave but a 
small, if any, margin for working expenses out of the price obtain- 
able for it. Only in case of its proving pay ably auriferous, for 
which, I think, there is some chance, the putting in of a deep adit 
would be warranted, but then it should take place as just indicated 
from the western slope of the mountain in the line of strike of the 
lode. 

Cinnabar, — A discovery of this valuable quicksilver ore in 
some quantity in the neighbourhood of Waipori was made known 
nearly eight years ago, but the place having been entirely neglected 
since, very few persons knew about it, and it was only after much 
loss of time that, from directions received, Mr. Hill, the manager of 
the O.V.Q. Co., who kindly acted as my guide, was able to find it. 
The site is a deep narrow gully about three miles south of Drum- 
mond's Station, in the centre of very broken country, at the foot 
of the VVaitahuna Heights. The gully has been worked fur gold, 
and the cinnabar, in small grains, und occasionally larger pieces 
about the size of a bean, was obtained in waahing the stuff. The 
point which yielded most of it is near the head of the gully, and 
there some eight holes have been sunk in angular quartz and schist- 
drift up a depression in the bounding range. From these holes — 
now all collapsed- -which apparently ranged from 8 to 1 6ft. ia 
depth, samples of several pounds in weight are said to have been 
obtained. On clo&ely searching the spoil heaps round the holes, I 
could not, however, discover any traces of the mineral Eeports 
say that the few men who worked at this spot could easily have 



Gold Fields of Otago. 1 87 

washed out 5dwt. of fine ore in a week ; but, if such were the case, 
it seems strange that they should not have done so, as the value of 
hat quantity would have well repaid them for their trouble. As 
cinnabar, though in less quanity, has been found for miles around 
this place, in nearly every gully worked for gold, it may either, like 
the cinnabar of Mudgee, New South Wales, have been formed in 
the drift itself — a very rare occurence— or have been derived from 
the denudation of thin veins in the crystalline schist surrounding. 
And this latter origin I consider the most likely, judging from 
numerous occurrences of the kind in Europe. Very few of these, 
however, have, evea with cheap labour and under other favourable 
conditions, proved payable to work; and I do, therefore, not think 
that the place under notice deserves to be further prospected, more 
especially as local circumstances would render this work, if properly 
executed, very expensive. 

Brown Coal. — In consideraation of the high value the occur- 
rence of this fuel is for the Province, I visited several of the mines 
within easy reach during my journey, and made the following ob- 
servations ; 

Simg Point Coal Mine and neighbourhood, Palmerston, — This 
mine, situated within a few chains from the sea shore, is on a fine 
seam of first-class pitch coal (the best kind of brown coal) 7 to 10ft., 
in places 12ft. thick, which dips at the rate of about 1ft. in .IQ 
N.E. towards the sea, and rises into the Shag Point hills at the 
back — the field available for working being indeed very large. It 
has been opened, and is being worked by a fine adit, and the system 
of exploitation adopted is by " post " and " stall," the stall being 
taken 14 to 16ft. wide, whilst the pillars left %tween are only 7 or 
8ft., a thickness which appears to me rather small to insure the 
safety of the mine ; for there is the danger of the front pillars being 
crushed long before the stalls have been wrought to the farthest 
end of the field. Below this fine seam, with a stratum of 4ft. of 
shale between, there is another seam of similar good coal about 4ft. 
thick, which has not as yet been worked. Walking along the 
beach this lower seam can be traced for a considerable distance 
to a point close to the mouth of the Shag River, where it disap- 
pears towards the sea in consequence of a roller saddle in the strata, 
well exposed on the cliff, changing the dip to W. 25® N. at angles 
varying from 25® to 45®. Round the cliff, up the Shag River, 
which runs close at foot, a series of six seams crops out through a 
distance of 5 or 6 chains, and there may be several more higher up 
the valley towards Mount Puke Ivitai. Some of these seams are 
several feet in width, and their basset edges can clearly be seen 
across the river, disappearing underneath thd sand hills of the flat 
beyond, their dip being at an angle of about 35® seaward. 
As there is a considerable breadth of ground between the shore line 
and the line of strike of the seams^ from the river across the flat,, 
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there is no doubt some chance of a certain extent of the seams 
existing and being workable in the lower end of the flat above high 
water mark. All depends upon the depth of the valley, respectively 
to the thickness of the overlying sand and drift deposits. If these 
latter are very shallow throughout, the coal ought to exi§t under- 
Eeath the whole of the above area ; whilst on the contrary, if their 
thickness is very great, there is little or no chance for it at all, for 
in that case the slope of the valley formed of the coal rocks would 
be correspondinj^ly steep, and the seams would run down it towards 
the sea, probably without curving round into the flat, outside high 
water mark. Mr Rich, the enterprising proprietor of Bushy Park, 
who kindly conducted me over the ground, told me he intended to 
risk some money in prospecting for the seams in the flat by sinking 
and boring ; and he may by this time have already solved the 
question as to their existence at a spot we agreed upon as the most 
suitable to commence operations. "Whether the seams, if found, 
would pay to work, i<5 a rather doubtful point, however, considering 
the large quantity of water that may likely exist in that part of 
the valley, representing, as it does, the embouchure of a pretty 
large river. 

Tlie Real Machay Coal Mine and neigliborhood, Tohomairiro. — 
This mine, kindly shown me by the fortunate proprietor, Mr. 
Mackay, is opened upon a splendid seam of pitch coal, about 21 
feet in thickness, of nearly, as good a quality as that of Shag Point 
mine. It (the seam) is solid- and pure throughout, as far as exposed 
— a distance of about 2J chains, and dips at an angle of 4-5^ 
towards W. 20^ N^ The workings, consisting of an irregular 
quarry, are situated on the side of a low flat-topped hill, dividing 
two gullies, and of which the seam no doubt forms the base 
throughout, being overlaid by an increasing thickness of sand and 
fine clayey gravel. But even right on top of the hill this over- 
burden would probably not exceed 20 feet in depth ; at present it 
amounts to about 10 feet. The quantity of coal available for 
remarkably easy access is extraordinary, and if working were carried 
on more systematically, the working expenses per ton might be 
reduced to perhaps less than half of what they are at present. 
For instance, instead of throwing the overburden down the face on s 
to the floor of the seam, and moving it from there once or twice 
over, as I saw being done, a tramway ought to be constructed 
from the top of the seam into the gully close in front, on which it 
^ould be at once trucked out of the way. In the breaking of the 
coal, more care should be exercised in order to produce a less 
quantity of smalls than at present ; and a more advantageous method 
of workinpf would be by side stopes, similar to the Long Wall 
system, with small tramroads leading from the stopes to filling 
places for carts, &c. As far as observable the seam extends into 
the hills all round the mine, bat apparently becomes thinner and 
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dips steeper the further away from the latter. At one place, some 
five chains east vvard> it has been sunk upon and found only about 
twelve feet thick, but of fine quality, with thin seams of jet running 
through it ; whilst some 16 chains to the N.E., where it is plainly 
exposed up the side of a hill, it is reduced to about 6 feet, quality 
unaltered. A local company is here opening it, at a spot well 
chosen near the foot of the hill, by an adit at present 40 • feet 
in length, and with the object of working tlie seam in the proper 
manner up its dip. But they had already worked out an apparently 
large portion of the seam in a very dis idvautageous way down its 
dip, and at aii unsuitable place some distance up, and in a sharp 
depression of the hill ; for every bucket of coal and probably also of 
water, collected under foot, had here to he raised up the incline and 
the coal carted down the hill to the point, where the seam is now 
being — and should originally have been — opened. There are several 
other places on the flanks of the surrounding hills, where coal has 
been prospected and slightly worked ; whether these are on the 
seam just noticed or on different seams, requires yet to be deter- 
mined. Considering the extent, easy accessibility and quality of 
the coal already disclosed, irrespective of the chance of other seams 
existing, its neighborhood to the railway, tkc, this locality may 
likely become one of the most important sources of supply of the 
fuel for the Province. 

Brown Coal Mine^ near Laivrence. — This lies about J mile 
west of south of the town, and the deposit — an earthy brown coa^ — 
seems to occupy a small trough or basin. For where opened its 
dip is a few degrees south of east at an angale of 15 to 20"^ ; but 
another outcrop, about J mile beyond, on much higher ground, dips 
in the reverse direction, thus proving a fall from both sides towards 
the centre. It was first opened by an incline, but is now worked by 
a fine roomy shaft and horsewhim. Its thickness is at present 17ft, 
and seems to increase towards the centre of the basin ; but only 10 
to 12ft. of the bottom part are taken, in order to secure a good roof 
of the remainder — very little timber being in this way required for 
support. Although tlje coal, as an earthy kind, is of but a mid- 
dling quality being laminated and falling easily to pieces on exposure 
to the atmosphere, still, as it burns very fairly, giving out a good 
heat, it is of high importance to the district, and duly appreciated 
for household and other purposes. In some places in the deposit it 
is rich in resin, and its quality seems much to improve towards tha 
centre of the basin. Judging from its general character, I think 
this coal would be well suited for being compressed into briquets. 
The deposit is overlaid by a stratum of tine fire clay, which is manu- 
factured into first'Class bricks at the mine. 

There are several more deposits of brown coal of generally good 
average quality, worked higher up the country, for instance, be- 
tween Roxburgh and Alexandra; at the foot of the Corrick Hange^ 
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between Cromwell and Arrow, in the valley of the Kawarau, etc. 
These I had no time to visit, and can only gay that lying as they 
do within districts entirely bare of timber for fuel, their occurrence 
proves an inestimable boon to the inhabitants. Judging from their 
sites, as pointed out to me, I think there is every probability of 
numerous other deposits of the kind existing in the old lake basins 
in that part of the Province. 

Down country, near the seaboard, the occurrence of some fine 
deposits of the fuel is hardly of less importance ; for instance, of 
the Green Island, near Dunedin, and of Kaitanjrata, the coal of 
which latter, judging from specimens, would seem to rival that 
of (Shag Point in quality. 

In Bohemia, and some parts of Germany, more especially West- 
phalia, brown coal occurs in abundance, and it is consumed in im- 
mense quantities, not only for household purposes and common 
steam engines, but also, compressed into hard briquets, for locomo- 
tives, and even for gas-makiog. Regarding its use for steam en- 
gines, several inventions have there been made in the construction 
of fire-places for the boilers, which greatly enhance its heating effect, 
whilst being easily attended to, and not very expensive, and such 
an improvement in the mode of burning the fuel would be worth in- 
troduction, or certainly at least a' trial in the Province, I attach a 
drawing of a fireplace of this kind — the so called " Treppen Rost ' 
or J' Step-furance " — most approved of in Germany, and give in 
appendix 13, full particulars regarding its construction and mode of 
working. 

In herewith concluding this report, I beg to return my cordial 
thanks to Mr. Mackellar, the Secretary for the Gold Fields, for his 
urbanity, and the kind and valuable assistance he afforded me in 
my work during the time of our joint travel, and to state that I 
found on the part of all — whether engap^ed or interested in mining 
— with whom I came in contact, an earnest desire to further, iii 
every way, the object of my visit. . In the subsequent descriptions 
of the reefs, I have given the names of those who principally aided 
me in my examinations ; whilst I beg here especially to acknow- 
ledge my indebtedness to Mr. L. O. Beal, Captain Button, and Mr. 
H. J. Cope, for much valuable information and advice they im- 
parted to me on many subjects comprised within the^ scope of this 
report. 

I have, &c., 

Geoege H. F. Ulrich, F.G.S., 

Consulting Mining Geologist and Engineer. 
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APPENDIX 1. 

The Saddle Hill Reef, Green Island, neab Dunedin. 

This reef strikes E. 14° S., and dips northward at an angle of 
about 55° crossing the country — a soft phyllite — both in strike and 
dip, the walls pretty well defined. The workings being inaccessible, 
Mr. Eggers, a shareholder of the Company, and who worked the 
mine last on tribute, gave me the following particulars respecting 
their extent and nature and behaviouf of the reef as far as opened. 
There are two vertical shafts on the ground which struck the reef 
on the underlay, one at 49 feet, the other at 125 feet in depth, 
whilst an inclined shaft, in the line of dip of the reef, runs from the 
surface to the bottom of the first vertical shaft. From between 
this shaft and the deep shaft, a considerable portion of the reef has 
been taken out, and at the bottom of the latter the workino-s 
extend 80 feet towards the east and 50 feet westward — the quantity 
of stone removed and crushed amounting, on the whole, to about 
2,000 tons. There was not much water to contend with. The reef 
which has a ferruginous casing on the hanging, and a clay casing on 
the foot wall, consists of alternating blocks of good and hungry- 
looking quartz, and such of mullock, dipping westward in strike at 
a rather flat angle. It was from the surface down to 50 feet about 
7 feet thick, but increased to 9 feet, and even 12 feet, in parts of 



192 Geology of Otago, 

the lower workings. At the eastern face of these latter the good- 
looking quartz is only from 5 to 12 inches in thickness, the re- 
mainder being hungry-looking, but in parts rich in pyrites. At the 
western end there are 4 feet of good quartz on the foot wall, and 3 
feet of a poor one on the hanging, with about 5 feet of mullock in 
the centre ; good stone exists also for some distance under foot. 
As regards the auriferous quality of this good stone, it would yield 
about 14 dwts. per ton, but as it could not be specially selected, and 
a great deal of the poor stuff had to be taken, the average yield 
from the 2,000 tons crashed was only at the rate o\ 5 dwts. per ton. 
In its direction westward from the workings, the reef disappears 
under the alluvial of the flat, and is not traceable up to a point 
about half-a-mile distant, where a small outcrop again indicates its 
presence. Towards the east it is also hidden for a distance of about 
6 chains, but there, close to the battery, it crops out a^^in, showing 
a thickness of about 7 feet, whilst a shaft sunk about 24- feet north- 
ward, struck it on the underlay at a depth of 37 feet. It proved 
here to be about 4 feet thick, and the stone would, according to 
Mr. Eggers' estimate, pay about 7 dwts. of gold per ton ; but none 
of it has, as yet, been crushed. 

The crushing machine is erected about five chains from the 
workings, and consists of ten heads of revolving stamps of four or 
five cwts., in two batteries, driven by a steam engine with brown 
coal as fuel. One of the coffers is deep, the other shallow, and the 
stamps are fed by hand. The punched gratings have one hundred 
and twenty-two holes per square inch, but the holes are judiciously 
made considerably smaller than their usual size at this gauge, by 
the gratings being brought to red heat and hammered. As gold- 
saving appliances are used for one battery, an improved kind of 
amalgamated copper-platH table (three plates, each with a flat ripple 
in front, fixed step-like, the drop from one to the other being seven 
inches), succeeded by three blanket strakes of fourteen feet in 
length, fixed at a pitch of* one inch per foot ; for the othei battery 
serve the common amalgamated plate-table, with shallow safety- 
ripples in front, from which the stuff passes over three blanket 
strakes, twelve feet long, and having the same inclination as the 
others. The blanket sand is treated in a small Berdan machine, 
from which it runs over a copper-plate strake. The crushing capa- 
bility of the batteries is about sixty tons per week. Mr. Eggers 
was cognizant of a considerable loss of gold and floured mercury, on 
account of the large quantity of pyrites contained in the quartz. 
With 100 feet length of blanket strakes, he thought he could save 
about three tons of this ore during a week's crushing. An experi- 
ment which he made with a sample of 330lbs., by first roasting, 
and afterwards treating it in the Berdnn machine, gave four penny- 
weights, or at the rate of about one and a-half ounces of gold per ton 
— a yield which^ considering the imperfection of the trial (roasting 
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iiaving not been carried on far enough^ and the Berdan being not a 
good amalgamator for the purpose), most be regarded as very satia- 
factoiy. Looking at the character and prospects of the reQ|yLl cer- 
tainly think it ought to be profitable to work, i,e,y on a lai^r and 
more systematic scale, and with the gold-saving appliances im- 
proved. 

There are three other strong and apparently well defined ree£s 
occurring between the reef just described 'and the main road, a dis- 
tance between a quarter aad half a mile, in all of which gold has 
been found, and which it would therefore be advisable thoroughly 
to prospect. Of one, nearly eight feet thick, 50 tons were crushed 
by Bir. Eggers, and produced at the rate of two and a-half penny- 
iveights per ton, though previous small trials had indicated a far 
better yield. 



APPENDIX 2. 

The Canada Beef and Bbuce Company, Tokohaibibo. 

This reef, to which I was kiodly conducted by Mr. Capsticl^ 
Jan., of Tokomairiro, numbers amongst the strongest and best 
defined of the Province. Its strike is K and W., and its dip north 
at 75° to 80°. It shows fine, smooth walls, with clay casings, and 
crosses the country bcth in strike and dip — ^the latter, a blue and 
greyish-blue, hard phyllite, striking E., 23^ S., and dipping south- 
ward at 75° to 80°. The length the reef is traceable reaches per- 
haps a mile, and it has more or less extensively been worked at 
various places by adits, deep open cuttings, and shafts over a dis- 
tance of nearly half a mile, the workings furthest west lying high 
•on the steep mountain slope facing the north branch of the Toko- 
mairiro Biver. At present it is worked about half a mile east of 
the river by a fine vertical main shaft, seveo and a half by three 
and a half feet in the clear, arranged for ladders, double hoisting, 
and a six-inch drawing lift. This shaft, sunk close to the reef, is 
80 feet deep, and a cross-cut from the bottom north struck the reef 
at ten feet. From this point a drive along the strike of the reef 
extends westward 180 feet, and eastward 550 feet, meeting at 400 
feet a windlass shaft, . from which stoping is being carried on 
towards the main shaft As regards the nature of the reef, it con- 
sists of alternating blocks of good and hungiy-looking quartz and 
mullock, dipping apparently eastward at a steep angle, and varying 
in thickness ^om two to seven feet A small block of hungry, white, 
and glassy stone exists close east of the main shaft; but further on, fine 
seamy, ferruginous quartz appears in the eastern drive, and con- 
tinues, though interrupted by occasional small bands of mullocl^ 
the whole distance to the windlass shaft. West of the main shaft 
the reef looks well^ and carries much pyrites along to very near the 
end of the drive, where a block of mullock makes its appearance. 



194 Geology of Otago. 

All the quartz passed through contains gold in very fine particles-, 
but the blocks of the seamy, good-looking stone most, and there are 
in them also occasional narrow shoots, which, if taken out by them- 
selveilpwould give very good returns. Such work, however, would 
amount to nothing else but robbing or picking the eyes out of the 
mine, and prove also the most expensive in the end, and Mr. Todd, 
the skilful mining manager, intends therefore, very properly, to 
work all out straight ahead. The quantity of stone available in 
this way on the eastern side alone wUl be very considerable, as by 
far the greater part of the backs between the level aad the surface 
is still standing, and the windlass shaft lies 50 feet higher than the 
main shaft. Touching the yields, they are rarely above 5 dwt. of 
gold per ton, and according to Mr. Driver, the legal manager of the 
company, the mine pays its way at less than, and leaves a profit at, 
that figure. From what I could learn about the character of the 
reef in the old workings towards the west, it was very similar as in 
those described — t.e., blocks of quartz, alternated with such of 
mullock, and the former proved more or less auriferous. At one 
place, in fact, in an adit from the steep slope facing the Toko- 
mairiro Eiver, a patch of stone was found, yielding 6 oz. of gold 
per ton. The reef might on this side be opened by an adit from the 
river at a depth of perhaps 300 feet or over. 

The crushing machinery consists of one battery of five heads 
of revolving stamps, driven by a fine turbine, which also works the 
hoisting gear and pumps for the shaft. The gauge of the gratings 
is 122 holes to the square inch, and the battery is supplied with a 
self-feeding hopper. The speed of the stampers is from 72 to 76 
blows per minute, and the crushing capability of the battery 50 to 
54 tons per week. As gold-saving appliances are used, two quick- 
silver troughs, with splash-board, and eight-inch fall each, and four 
lines of blanket-strakes of 15 feet in length, laid at an inclination 
of one foot in twelve. The blanket-sand, which contains a good deal 
of pyrites, is treated in the common revolving-barrel, and a dolly-tub 
and strake serve for collecting the quicksilver and amalgam. The 
aggregate of these appliances, which are carefully superintended by 
Mr. Todd, and work to his satisfaction, comes very near that of the 
Port Phillip Company, Clunes, previously recommended. On con^ 
sidering the character and extent of the reef, in connection with the 
fact that with good management so small a yield as 5 dwt. per ton, 
and from so small a quantity of stone as the small battery is able to 
caush, already leaves a profit, I think there can hardly be a doubt 
that this mine would become a steady dividend- paying one, if worked 
on a larger scale, and with increased crushing power ; at any rate, as 
the turbine is strong enough to drive another five heads of stamps,, 
these ought, at least, to be added. About six chains to the north of 
the reef just noticed, and running quite parallnl with it, its strike 
being east and west, and the dip north at 75^ to 80(y, there is 
another reef^ originally worked by the Table Hill Company, but 
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apparently for a long time neglected. This is also remarkably well 
defined, judging from the fine smooth walls exposed in the top part 
of the old workings, which extend for seven to eight cluuiDS in 
length. According to Mr. Todd, its thickness ranged in these 
workings, which are quite inaccessible, from two to seven feet, and 
its block structure, and the mode of occurrence of the gold, were 
quite the same as in the Canada Reef. The top portion paid in the 
average 5 to 6 dwts. of gold per ton, but in depth it became poorer, 
the stuff from about 150 feet down, where it was opened, but not 
much worked, by an adit from the northern face of the hill, yield- 
ing only about 2 to 3 dwt. per ton. This, in connection with con- 
siderable expense attached to the timbering of the workings, and 
more especially to the conveyance of the stone to the crushing 
machine, brought the mill to a standstill However, if this latter 
expense were saved by the machine being shifted to the bottom of 
the hill, near the mouth of the adit, the prospects of the reef are 
still such as to warrant the hope of its paying renewed working. 
As regards the crushing machine, which lies by road nearly a mile 
away on the slope facing the Tokomairiro River, it consists of two 
fine batteries of five heads of revolving stamps each, driven by a 
splendid water-wheel of 39 feet in diameter — perhaps the largest in 
the Province. On account of the absence of a fly-wheel, the work- 
ing of the batteries must, however, have been very unsteady. The 
gratings have 122 holes to the square inch, and the gold-saving 
appliances, with the exception of there being a spare blanket-strake 
(nine in all), are the same for each battery as in the previous case. 



APPENDIX 3. 

The Gabriel's Gully Reef, Lawrence. 

Amongst the once celebrated reefs of the Province, this is per- 
haps one that most disappointed its original proprietors, though 
there are still some who believe in its being worth more than 
generally supposed, and who occasionally brave the dangerous 
character of the old working, by putting in prospecting drives at 
fayoured places. I inspected what was accessible of the old work- 
ings, in company of Mr. Warden Carew and Mr. H. Squires, legal 
manager of the old Company, to whom I am indebted for all par- 
ticulars concerning the character and behaviour of the reef, of which 
latter itself nothing could be seen. It lies at the head of a small 
gully running from the N.E. into Gabriel's Gully, and was dis- 
covered by a party working the alluvial at that place. The first 
workings, by open cuttings and shafts, extend for about 24u feet 
from the northern hill slope across the gully, a short distance up the 
opposite slope, and it was from them that the best returns were ob- - 
tained. Afterwards, to ease the work, the reef was opened at 50ff^. 
in depths by an adit of 215 feet in length, starting lower down tbjft 
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golly ; and 120 feet below this agaiiii a second adit, about 1200ft. 
in length, was driven for the purpose^ both of opening it at that 
depth, and also to prospect for another reef supposed to exist be- 
yond. This adit, which I inspected, proved unsuccessful in both 
IK)ints. It ought to have intersected the reef under notice at about 
900 feet in, but only a thin^ slightly auriferous casing was struck 
there, which, on being foUowed by a crosscut on the left of the adit^ 
was found to bend flat and run out in the line of dip of a black 
carbonaceous bed, interlying common hard phyllite. Several small 
drives in different directions from the crosscut disclosed also no 
sign of the reef, but it was proved by a winze, sunk in the latter 
firom the upper adit to the level of the lower one, which it strikes in 
the crosscut a few feet in, that the quartz runs completely out into 
the just mentioned casing, within about 20 feet above the crosscut^ 
Judging from the surface workings, the reef strikes N. 15^ E., and 
dips westward ac 70-75°, crossing soft phyllite, striking N. 30® W,. 
and dipping westward at 30-35^ Its thickness ranged from a few 
inches to 12 feet in the upper adit workings, and the walls were 
very well defined, the hanging one showing a thin ferruginous cas- 
ing. The gold occurred in a shoot extending from near the top of 
the northern hill (where the reef runs completely out into the hard 
phyllite) to the end of the workings on the south, and, though at 
first shallow, deepened rapidly in depth to about 53 feet down the 
winze, between the two adits. At the south the reef was found to be 
displaced by a slide, and on recovering it again about five feet out 
of Its previous line, it soon became poorer, broke, and thinned out 
The quartz containing the gold, i.e., that within the shoot, was of a 
soft, ferruginous character, whilst below it a hard bluish stone came 
in, in which no gold could be seen. Except low down the wimse^ 
as above mentioned, and on the north and south in strike, this bad 
stone was nowhere lost underfoot in the upper adit workings. Be- 
garding the yields, the stone from the shoot, thouf^h in places cany* 
ing at the rate of perhaps several ounces of gold per ton, paid in the 
average only 4 or 5 dwts. per ton ; yet in spite of this low yield^ 
the mine paid a handsome sum in dividends. The crushing 
machine of the Company, lately removed to the Blue Spur for 
crushing cement, stood at the lower end of the small gully, and cour 
sisted of two fine batteries of five heads of revolving stamps each^ 
with common copper-plate tables, and blanket strakes attached — a 
turbine supplying the motive power. 

In reviewing ail the different points of Mr. Squires' informa- 
tion concerning the extent, lay, and character of the reef, I think 
there is a strong probability of the latter representing a large block 
which dips at a rather steep angle southward in strike, passing the 
lower adit over head; and lies therefore on its right hand side, not 
perhaps far off, where it would be advisable to search for it by a 
branch drive. For the hard blue quartz overhead, and likely to con- 
tinue downward; and which owes its color mainly to a dense im- 
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pregnation of Eiinate particles of pyrites, has not at all a bad chance 
of containing a payable shoot, judging from assays of specimens 
made for me by Mr. Morley, at the Melbourne Technological 
Museum laboratory, which gave at the rate of 14 dwts. of gold per 
ton. 



APPENDIX 4. 

Thb Otaoo Pioneer Quastz Mining Co.'s Beef, Waipobi. 

. This reef, one of the richest, best developed, and most extensive 
in this Province, I inspected in company of Mr. E. Hill, the 
manager of the O. P. Q. Company, who kindly afforded me all the 
subsequent information about the yields and old and new workings, 
which were not accessible for examination. It strikes N. 25^ W., 
and dips eastward at an angle of 56"^ cutting through hard, Jbluish 
grey phyllite, bearing about N.E., and dipping at angles varying 
between 15^ and 30^. The walls are especially well defined, and 
ahow strong casings of tough blue clay. It has been opened, and in 
parts extensively 'worked, for a length of nearly two miles, and 
most likely extends considerably further both N. and »S. The 
furthest point opened on the south by several shallow shafts in 
Thompson's claim, is at the edge of a wide flat which stretches 
towards the Waitahuna Heights. Here the reef is about 10 feet 
thick, shows well defined walls, and fine gold can easily be seen in 
the stone. Owing to the low position, there is a strong influx of 
water which will no doubt require powerful pumps to keep under. 
As I saw them, the water stood close up to the surface in these 
workings. Proceeding northward, the reef crosses and runs up the 
eastern side of a gully which whs found rich in gold, having no 
doubt received its supply of the precious metal from the denudation 
of the reef. There are several old workings — adit^ and shafts — 
along this line, from which very good gold was obtained. These 
were stopped partly on account of the water, partly on account of 
the quartz running out into mullock in strike. Further north, 
about half a mile from Thompson's claim, we come to the site of 
operations ot the old company, right at the foot of the range that 
divides this part of the country from the Waipori valley. A fine 
vertical mainshaft has here been sunk to a depth of 220 feet, about 
40 short of striking the reef on the underlay, and by workings ex- 
tending from it about 200 feet south and 100 feet north, the reef 
has more or less been taken out right to the surface. It (the reef) 
was 6-8 feet thick in the average, but in places it increased to 10 
feet, and in others, near the main shaft, it decreased to 2 feet. It 
consisted of larger blocks of quartz divided by smaller blocks of 
mullock, dipping southward at 50-60*^, but at the south end of the 
workings a large block of mullock, full of small quartz veins, was 
struck, which, as proved by an adit at the surface, extends south- 
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ward for nearly 200 feet The quartz, especially from the lower 
parts of the workings, was very rich in pyrites. Touching the 
yields, they averaged from the upper part of the workings 7 dwts. 
of gold per ton, but lower down, where occasional rich patches were 
struck, they increased to 11 dwts., and throughout the workings 
south of the shaft, 12 dwts. per ton were obtained. Stone of 
pretty good quality was left nearly all along underfoot. The 
quartziferous mullock on the south end just noticed, would pay 
from 3-4 dwts. of gold per ton. There were formerly a cruslung 
machine, hoisting gear and pumps, driven by a steam engine on the 
ground, but these have all been removed, and the mine deserted for 
a long time. Mr. Hill believes that a great deal of fine gold and 
amalgam were lost in the tailings. From these workings north- 
wards up the range, the reef is not very plainly exposed, but right 
on the top it crops out three feet thick ; and there is a leader about 
2 feet thick in the footwall, 8-10 feet distant, which dipping to- 
wards the reef will join it at about 20 feet in depth. Mr. Hill, who 
opened these outcrops by several small shafts, thinks the stone will 
pay from 6-7 dwts. of gold per ton. On following the line of the 
reef from these workings down the very broken slope of the range 
facing Waipori, a small adit is passed which has likewise struck the 
reef, but no more plain outcrops are met with beyond a distance of 
160 yards. However, Mr. Hill, by intelligent prospecting, found 
it at several places, proving it to extend right to the foot of the 
range and underneath the alluvial of a gully near where this joins 
the Waipori Flat. And judging from the character and prospects 
of the reef, as disclosed at one of these places, the present company, 
which owns all the ground south across the range, beyond the old 
company's workings, has a fine chance of a prosperous future before 
it. This place lies in a narrow rift a good height up the range, 
about 400 yards from the top workings, and the reef, which is 
about 8 feet wide, and shows very well defined walls, with strong 
bluish clay casings. Near the surface there are only 1 J to 2 feet of 
quartz on the footwall, the remainder being mullock; but towards the 
bottom this quartz thickens, while at the same time about 15 inches 
of quartz come in on the hanging wall — in fact, there is every indi- 
cation of the mullock cutting soon out in depth. As regards the 
character of the quartz — oi which a considerable quantity is taken 
out of the shaft — that from the footwall is seamy, rich in pyrites, 
and shows gold (some in coarse specks) freely, especially in the 
seams, — might pay several ounces to the ton ; whilst in that from 
the hanging- wall no gold could be seen, though it is also seamy and 
very rich in pyrites. On first exposing the reef, Mr. Hill washed 
eight ounces of gold from one tin-dishful of stuff, and obtained a 
number of specimens, rich in coarse gold, besides. At the other 
places opened by Mr. Hill, near the foot of the range, the reef is 
eight feet wide, and its walls are well defined, but it consists only 
of mullock, traversed by quartz-scrings, which has shown but poor 
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indications of gold ; yet it certainly deserves a trial crushing. The 
company have very judiciously, I think, adopted the plan proposed 
by Mr. Hill, namely, of opening the reef in strike by a large main 
adit, starting in the gully, ri^ht at the foot of a steep spur of the 
range — about 150 yards north of, and 100 feet below, the shaft in 
which the gold has been struck. According to Mr. Hill's rough 
traverses and estimates — for no proper survey, though highly 
diesirable, has as yet been made of the line — this adit would strike 
the old workings at the southern side of the range, at a distance of 
about 1000 yards, and 100 feet below the bottom of the main shaft; 
whilst there might be about 400 feet of backs to rise upon towards 
the workings on top of the range, which lie about 550 yards dis- 
tant. 

The crushing machinery in course of erection within 800 feet 
of the mouth of the adit, with which it is connected by a tramway, 
consists of ten heads of revolving stamps in two batteries, with the 
common amalgamating tables and blanket-strakes — four for each 
battery — in front. I believe, however, that according to my recom- 
mendations, deep quicksilver troughs will be used instead of the 
amalgamating tables, or at least be interposed between them and the 
batteries. The motor for the batteries is to be a turbine, supplied 
with the necessary water at a vertical pressure of about 100 feet 
from a splendid race, which is cut twenty-two miles up the Waipori 
Valley, and capable of carrying twenty heads of water. 

Having herewith given all the particulars I collected about this 
reef and the O. P. Q. Company's operations, I can only repeat what 
I have stated above, that the company have every chance of a 
prosperous future. Although the quartz occurs only in blocks, 
dipping most probably south in strike, stil) these are, no doubt, 
very large, and have afforded payable, and even rich, prospects ; and 
it is not unlikely that the mullocky parts of the reef, or at least 
portions of them, might pay to work. The facilities for working 
are excellent, and I have no doubt it will soon pay the company to 
increase their plant by another ten heads of stamps, for the driving 
of which the turbine will have the necessary power. There is one 
point to which I would draw the company's special attention, and 
which Mr. Hill, their experienced manager, well understands, 
^namely, to the great advisability of opening the first block of stone 
up well before commencing exploitation ; and also, generally, of 
sdways keeping the adit going steadily ahead, in order to open up 
another block whilst that previously driven through is being worked 
out. 
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APPENDIX 5. 

The Consot's Oullt Bbsf^ neab Alsxandea. 

To this reef, which has been for a long time deserted^ I was 
kindly conducted bj Mr. Warden Simpson, Mr. Coleman, and Mr. 
B. Poole, of Clyde, who also afforded me all the particulars of its 
history. It strikes YT. 23^ N., and dips northward at an angle of 
near 80®, cutting very flat-bedded, nearly horizontal mica schist^ 
strongly interlaimnated with quartz. The walls appear well de- 
fined. According to the descriptions given, it averaged in the 
workings — now more or less fallen in — ^f rom six to eighteen inches 
in width, and consisted of quartz and muUock running side by side 
in strike, the latter frequently predominating. It has been opened 
and worked for over six chains in length, but is traceable for twelve 
to fifteen chains farther. The first workings consisted of small 
shafts and open cuttings, but afterwards, when some water was 
struck in the deepest shaft, an adit nearly 600 feet in length was 
driven in the stnke of the reef from the slope towards Conroy's 
Oully, but starting so shallow that it required an open cutting over 
two chains in length, and nearly two more of a tramway, to obtain 
fall for the waste, and principaUy, that it lies only 50 feet beneath 
the surface at the end. In fact, when it reached so far, a great por- 
tion of the backs had already been worked out from the top. If on 
this account the adit must be pronounced, to say the least ot i1^ 
a very injudicious piece of work, it appears still more so on consid- 
ering that not far in advance ofwhere the cutting begins the slope 
towards the bottom of the gully suddenly becomes very|abrupt, and 
that it (the adit) might, therefore, have been put in from a point in 
tiie latter in the line of strike of the reef, lying at least 150 feet 
lower, and not perhaps more than 300 feet farther, than where it 
now commences. After all the backs above tbe adit had been 
worked out, a shaft was comn^enced in the reef at the far end of 
the adit, but after sinking ten feet, where water made its appear- 
ance, the work was given up, and the reef shortly after deserted. 
Down the shaft, and left in the bottom, a vein of quartz was followed 
of six to eight inches in thickness, showing a tendency to widen out, 
of which the last 25 tons crushed yield 1 oz. of gold per ton. Touch- 
ing the aggregate of tbe returns, it amounted, according to Mr. 
Poole, to £2,005 from less than 500 tons crushed ; whilst the total 
expenditure on the claim, including crushing machinery, tools, &c^ 
was £3,756. The crushing machinery, which stood in the bottom 
of Conroy's Gully, close below the line of the reef, was sold to Wil- 
liams and party, on the Carrick Kange^ who are there erecting it on 
a reef claim, to be noticed further on. All' accounts agree that a 
considerable amount of the, in tbe average, very fine gold, as also 
of quicksilver, was lost in the tailings, through the crushing and 
gold saving process not being at all understood at the time. Com- 
paring the great waste of money^ through injudicious workings with. 
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the total returns, and looking at the above indicated facility with 
which it could be opened at a good depth, whilst relying on infor- 
mation concerning its charactei as left underfoot at the end of the 
old adit, I certainly think this reef deserves another systematio 
trial 
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A^UBIFEROUS BEEFSf OF THB BeNDIOO DiSTBICT. 

In my examination of most of the reefs of this extensive dis* 
tricty I was kindly accompanied by Mr. Q. B. Douglas^ the manager 
of the Bendigo Deep Level Company, and I am indebted to him 
for much of the information about the yields, workings, and other 
particulars, given in the following descriptions. 

Logan^s Beef and Cromwell Co, — ^This celebrated reef, in the 
possession of Messrs. Thomas Logan, B. R. Baird and G-. W. Gj-ood- 
ger, the latter of i»hom was kind enough to show us through the 
workings, is without question the richest and best defined in the 
Ftovince, and has been very extensively worked for nearly half-a- 
miie in length, but is traceable for perhaps three-quarters of a mile 
further east in strike. It cuts through nearly horizontal^ very 
quartziferous mica schist, at a strike of E. 5^ S., dipping with slight 
bends for about 100 feet from the surface, close upon vertical, and 
then bearing gradually to the north, at an ang^le of 75^. Its walls 
are especially well defined and even, and there is a clayey ferrugin- 
ous casing on either. According to Mr. J. Parry, the mining mana* 
ger, its tMckness in the present workings, ranged in places from two 
to six feet, but the average was about three feet. It did not, how- 
ever, consist of quartz throughout, but there were larger and smaller 
mullock patches, the larger ones with a step-like outline ac the top, 
of which some carried very good gold. The quartz shows a fine 
seamy structure^ and is of a brownish colour and ferruginous near 
the surface, but in depth assumes a bluish colour, whilst becoming 
inore and more strongly impregnated with pyrites, galena, and zinc 
blende (Black Jack). The gold occurs both in the seams and in 
the mass of the quartz, but was on tbe large scale not found evenly 
distributed through the reef but to be accumulated in shoots dip- 
ping eastward in strike at rather sharp angles. Thus in places the 
quartz paid hardly a few dwts. of gold per ton, but was succeeded 
by such paying over two ounces, and this again by a shoot yielding 
up to and above six ounces per ton. The average yield from dif- 
ferent working places, has for some time been over three ounces per 
ton. In the lowest part of these present workings, a few feet 
above the bottom of a whim shaft 260 feet in depth (there are 
two shafts, 170 feet and 114 feet deep, worked by derricks besides), 
one of the rich shoots paying up to six ounces per ton, has been 
struck, which dips at an apparently sharp angle eastward into the 
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so-called " Gulden Link " ground, where the reef was first opened 
and most extensively and successfully worked. The deepest shaft 
on this line of workings, which have for some time been at a stand- 
still, is 330 feet, and excellent gold (3 to 6 ounces per ton), from 
large quantities of stone, wrought eidier side, was obtained to about 
150 feet in depth ; below that the quartz became gradually poorer, 
and from near the bottom, where the water grew very troublesome, 
it paid only 7 dwts. per ton. There is every probability, however, 
that the rich shoot just noticed as existing at the bottom of the 
whim shaft, will be struck on further sinking. In parts of these 
workings the waUs of the reef came close together, whilst in others 
they were up to 10 feet apart, both quartz and mullock, which filled 
these wide places, paying over 6 ounces per ton throughout. To- 
wards the east the reef deteriorates very much in quality, and there 
are only a few places, one at about 4 chains and another at 2 to 3 
chains still further on, where it has been superficially worked, and 
paid up to 16 dwts. per toe. Good looking leaders, running at acute 
angles towards the reef, have been struck here and there along the 
line worked, but none have been followed, and not a single pros- 
pecting crosscut has been driven throughout the whole extent 
of the workings. Whilst showing occasional outcrops, through the 
Golden Link ground, the reef came to a point in the line of the pre- 
sent workings, and whilst sending out two strong branches, one on 
the north the other on the south, it itself continues in the centre, 
but dips rather sharply in strike westwards as indicated by its dis- 
appearance down the pretty steep slope of the hill, on which the 
workings are situated. This feature has, however, only been pro- 
perly understood lately. For whilst the workings on the main reef 
were carried on westward from the Golden Link ground, the 
northern one of the two branches — which soon assumes the same 
strike as the main reef, dips also close upon vertical, and shows a 
strong outcrop of massive quartz, in places 3 to 4 feet thick, down 
the slope of the hill just noted — was mistaken for its continuation, 
and worked for some distance eastward into the hill slope, i.e,, to- 
wards the other workings — and for about 130 feet in depth, paying 
in the average 16 dwts. per ton. The fact of its becoming poor and 
thin in the face at that depth whilst the workings on the main ree^ 
but little in advance, showed the latter rich and strong, and ap- 
pear to run gradually more S. out of the line, induced Mr. Parry, 
the manager, to drive a cross-cut south, which at 42ft struck the 
main reef, rich, and nearly 3ft. thick. From this point, which has 
been since connected with the main workings east, a drive is being 
carried on westward — the reef continuing of the same thickness and 
richness — and will soon extend beneath the gully at the foot of the 
hilL Touching the southern branch of the main reef, it is of a 
rather mullocky character, and also soon assumes the strike of the 
latter, with a nearly vertical dip — its thickness ranging from 9in« 
to 2ft. It has been worked up the slope and near the top of the 
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hill in several places — at one rather extensively — ^by open cutting^s, 
but the returns were not very satisfactory. Still there is chance of 
its proving perhaps very rich near the foot of the hill, whence it is 
seen disappearing westward underneath the alluvial of the gully, at 
A point where it would be struck by a cross leader which has been 
worked up to within ^ chain on the south. This leader, which is from 
3 to 6 inches thick, and runs rather crookedly towards it at a mean 
strike of N. 40^ E., and dipping N.W. at 65-75°, Has been worked 
for about \ chain in length by a shallow open cutting,, and the 
4)uartz obtained is said to have been very rich. The. mode of ex- 
ploitation adopted for this mine is by underhand stoping — some of 
the steps or stopes being from 20 up to 40ft. high, and there were 
large places left open overhead, very unsafe for the men working 
underneath, and which ought therefore to be filled with waste to 
guard against accidents. As I have already given, at another place, 
my opinion on the comparative merits of overhand and underhand 
stoping, I need only remark here that I should certainly advise the 
owners of the mine to prosecute its future working in depth by the 
overhand system of exploitation. The crushing machine of the 
Cromwell Company (manager, Mr. Edward RiggJ lies at the foot of 
the range near the mouth of the Bendigo Creek^ about 1^ mile from 
the reef. It consists of 13 heads of revolving stamps in two bat- 
teries, fed by hand and driven by a waterwheel. The coffers are 
shallow, and the gratings have 122 holes per square inch ; formerly 
such with only 100 holes per square inch were used. As gold 
saving appliances serve common amalgamating tables, and 10ft. of 
blanket strakes, 4 for each battery, with an inclination of nearly 2 
inches per foot. For the treatment of the blanket sand, serve a 
revolving barrel and shaking table. Owing to the large quantity 
of pyrites and other ores in the quartz, the saving of the gold is very 
difficult, and though Mr. Kigg carefully superintends the working, 
I feel convinced of both gold and quicksilver being lost in consider- 
able quantities, and that it would pay well to treat the large heap 
of tailings accumulated near the batterj. Before leaving this 
splendid mine, I may mention that the fortunate owners have very 
materially enhanced its value by the late purchase from the Aurora 
Company of a fine water race, capable of furnishing sufficient water 
power, not not only for working pumps and hoisting gear for a 
main shaft, but also for effecting crushing on a more extensive scale 
direct at the reef, and thereby saving tbe heavy expenses at present 
entailed by the carting of the quartz so far to the mill, over a diffi- 
cult road. 

The Beliance Company, — This Company, managed by Mr. J. 
Mitchinson, of Bendigo, to whom I am indebted for information 
about it and the district generally, holds the ground westward of the 
Cromwell Company, in the line of Logan's Keef, commencing at 
foot of the hill repeatedly mentioned in the foregoing description. 
Misled by the workings of the neighbouring company, before the 
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true position of the main reef was discorered, a fine whim-shaft was 
sunk to a depth of 170 feet on the line of the northern branch of 
Logan's Reef, close to the eastern boundary of the Company's lease, 
and right at foot of a high vertical precipice of mica schist. The 
upper 50 feet sunk through consist of drift, below that the reef 
branch was struck, but the quartz proved not payably auriferous, 
and also soon pindied out, the walls coming close together. There 
was water coming in at thtf bottom, but not very strong. When 
afterwards understanding hof^ Logan's main reef really ran, tiie 
Company abandoned this shaft, and sunk another southward abreast 
in the supposed line round the foot of the high rock precipice ; but 
this, according to a subsequent mining survey, seems to lie a few feet 
beyond the correct line. When I saw this shaft, it had penetrated 
to a depth of 100 feet, and, curiously enough, through nothing but 
small, angular, and washed drift from top down, whilst a very 
strong influx of water had made its appearance — features which,, 
considering the vicinity of the rock, clearly indicate the ezistence- 
at that place of a deep kind of pot-hole or gulch. As the water wa& 
too strong f(ir further hand-bailing, Mr. Mitchinson intended to shift 
the whim from the other shaft to this one, and he may by this time 
already have ascertained whether, what seems not unlikely from the- 
close neighbourhood of Logan's Reef, a deposit of rich washdirt 
exists at the bottom of the hole. 

'Rep:arding the chance of the existence of that reef in the 
ground, I think it is very good, judging from the strength of the 
reef in the nearest part of the Cromwell Company's workings ; but 
touching the striking of it by the shaft, all depends upon its angle 
of dip westward in strike : for the steeper this is, the deeper will 
the shaft require to be sunk, though should it be flat, the reef might 
actually exist at the bottom of the gravel hole. The northern branch 
of the reef, on which the first shaft has been sunk, crops out on top 
of the precipice and is traceable for a good distance down the 
smooth western slope, where several old shafts from 50 to 75 feet in 
depth are said to have followed good quartz, whilst numerous auri- 
ferous specimens have been found along the line on the slope. Con- 
sidering this, it would, no doubt, be advisable to prospect that reef- 
branch systematically along its line, and more extensively near that 
one of the old shafts, in which the best indications are said to have 
been obtained. The southern branch of the reef looks not at all 
unpromising, where it crops out at the foot of the hill, and would 
also, in my opinion, deserve to be well prospected. 

The Aurora Beef, — This reef, which has been abandoned for 
the last two years, but from its really good prospects, certainly de- 
serves another trial, runs about \ mile north of Logan's, at a strike 
of E. 5® N., and dipping northward at 75-80^. The only accessible 
portion of the old workings is an adit driven in the strike of the reef 
though in a rather irregular and crooked manner, a length of 700 
feet, from a gully in which the crushing machine also stands, near by. 
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Similar to that on the Conroy's GoUy Reef, this adit was also a very 
injudicious undertaking ; for it lies only about 70 feet beneath the 
iiighest part of the hill into which it penetrates, and the greater 
portion of the reef had been worked out by shafts and open cuttings 
when it came to the end. Had it been coatinued about another 
400 feet, there would have been a prospect of some 200 feet of 
backs to work up to a place at the surface, where in a superficial 
opening the reef was found 12 to' 14 inches thick and paid, 
according to Mr. Douglas, 22 dwts. of gold per ton. Id the adit^ 
the reef was first struck on the left-hand side at 500 feet in, but the' 
adit runs up to that point in such a manner — curviog in and out — 
as to render it probable that along the whole or part of the above 
distance, the reef exists still undiscoveied in the left hand wall — a 
supposition that might easily be proved by small cross-cuts. At the 
point of the adit, where it first appears, it is very thin, but very 
quickly increases to five feet in thickness, and a shaft snnk on it 
fiom the adit 58 feet deep, proved it to continue regularly down- 
ward, and to gradually widen to six feet at the bottom. Adjoining 
the shaft is a cutting 20 feet long and 15 feet deep, in which 
it is also left nearly five feet thick underfoot throughout The 
quartz from both these workings paid from seven to nine dwts. of 
gold per ton ; but as it is indeed very rich in mostly arsenical 
pyrites, and the gold saving appliances of the machine are of the 
usual imperfect kind, and were, as it is said, very badly super- 
intended, I feel quite convinced that a great deal of gold and 
quicksilver was lost in the tailings. Beyond the just-mentioned 
cutting, the reef has not any more been prospected underfoot in the 
adit, but some distance further on it is seen five inches thick in the 
roof of the latter, and continues of that thickness right to the face, 
the hanging wall being especially well defined. Judging from this 
behaviour on the whole, I strongly suppose that the stone followed 
in the shaft and cutting represents a good and strong shoot, which 
dips at a rather sharp angle eastward in strike. As regards the old 
workings, they extend for a length of 280 feet, and the reef has 
been taken out right to the adit. The stone was there of a very 
ferruginous character, and ranged in thickness from one to five feet 
—average, about 2^ feet« Extremely rich patches of golden quartz 
were found in places, and some of the crushings produced 2 oz. 
16 dwt. of gold per ton ; the average yields varied, however, from 
16 dwts. to 1 oz. per ton. At the eastern end of the workings 
the reef splits into two branches, and a tributors* party who worked 
there last, followed the northern branch for some distance, and 
realised from 8 to 13 dwt. of gold per ton. Further east, on the 
opposite rise of a little gully, intersecting the line of the reef, they 
sunk two shafts— one about 75 feet in depth — ^for prospecting the 
branch, but, strangely enough, though the line of the latter across 
the gully is clearly apparent, neither of the shafts lies on it, but 
one too far north, the other south, and a cross-cut between the 
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two has still good chance of discovering it Some five or six chains 
farther along the line from this point are the last workings of the 
tributors, consisting of several shafts ranging up to 60 feet in 
depth, from which the yields varied from 8 to 12 dwt of gold per 
ton. Beyond these, there are iio workings on the same line for a 
distance of over a quarter of a mile, where we come to those of 
the Victoria Company — an open cutting — from which 38 tons of 
stone were raised that produced at the rate of 14 dwts. of gold per 
ton. This yield of gold being too low to pay for working, carting, 
and crushing combined, the place was deserted. Touching the 
southern branch of the reef, it has been superficially prospected in 
several places for over a quarter of a mile in length, and proved to 
be auriferous, but not payably so. The, through long neglect, 
somewhat dilapidated crushing machinery of the old Aurora Com* 
pany consists of two batteries of five heads of revolving stamps 
each, driven by a waterwheel; common amalgamated copperplate 
tables and blanket strakes 14 feet in length, lying at a pitch of 
nearly two inches per foot. Small remnants of blanket sand near 
the tail-race proved, on examination, to be rich in finely divided 
quicksilver and amalgam. 

The Luchiow Reef and Company. — The strike of this reef is 
nearly E. and W., its dip close upon vertical, and the walls are well 
defined. It has been opened along the surface for about 300 feet 
in length, the main workings lying on top of a spur, which it 
crosses at nearly right angles. As these workings were inacessible, 
Mr. Chas. Colclough, the original discoverer of the reef and present 
legal manager of the Company, kindly afforded me information 
about them, and gave me other particulars concerning the reef. 
The latter has been worked out to depths ranging from a few feet 
to sixty feet, and yielded from 8 dwts. to over 3 ozs. of gold per 
ton. In the main shaft the reef, which proved about one foot 
thick, was followed vertically down to a depth of about 100 feet, 
but tliere a body of stone made its appearance, rich in gold and 
arsenical pyrites, and showing a thickness of three feet, i.e,, one 
foot of quartz on either wall, and one foot of mullock in the centre, 
and which was found to dip flat southward. The shaft was, there- 
fore, turned on the underlay of this body, which was supposed to 
represent the main reef, and for a length of 14 feet followed it 
down to a depth of about 146 feet, where water was met with. A 
crushing from this underlay portion greatly disappointed, however, 
all expectations, for instead of several ounces, it paid only from 
8 to 1 1 dwts. of gold per ton. As it was thought that the water 
would give too much trouble in further sinking, and also in order 
to provide an easy road for the stuff to the machinery standing iu 
the gully at the foot of the spur, an adit was at once projected and 
started from near the machine without considering that the length 
it would have to be driven through bard, nearly horizontal, mica 
schist to strike the reef, and consequently its large expense was 
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greatly disproportionate to the small height of backs, estimated at^ 
hardly 40 feet, to be rendered available by it ; irrespective of that, 
in which most opinions agree, closer examination would have shown 
that the water in the shaft was mostly due to surface percolation, 
and might have been easily beaten by a horse whim. At the time 
of my visit this adit, which makes two strong angles in direction, 
had progressed to a point which Mr. Besanko, the mining manager, 
considered from rough measurements — (the want of a proper mining 
survey and working plans is here painfully apparent) — to lie south 
abreast, or already a little beyond, beneath the bottom of the pre- 
viously mentioned shaft — the last one hundred feet having, at the 
rate of £8 or £10 per foot, been driven E. in the line of a flat 
slide which he took from its position to represent the continuation 
of the flat reef left in the shaft; and in this supposition he seemed 
to all appearances to be correct. But if so — considering that only 
a few small pockets of rich gold-bearing quartz had been met with 
in the slide along the whole distance, and that moreover but a com- 
paratively small stream of water had made its appearance in the 
face, though there were nearly 60 feet of water standing in the 
shaft above — the prospects of the flat reef at that depth appeared to 
me to be far from cheering. On the supposition of its forming a 
block dipping from the shs^t eastward in strike, there was no doubt 
still of the chance of its being found of some thickness further 
ahead ; however, in looking at the uncertainty and the expense or 
farther work, I advised the manager to discontinue driving on the 
slide altogether, and instead to open out eastward on a quartz reef, 
9 inches thick and dipping vertical, which crosses the adit E. and 
W. some distance from its mouth, and in which gold is said to have 
been found when penetrated. In fact, there can hardly be a 
doubt that this reef represents the continuation of the main reef 
worked at the surface ; for besides having the same strike and 
dip, its position in the adit — as ascertained by tape measurement — 
agrees tolerably well with that of the main reef, as given on a plan 
prepared by Mr. Evans, mining engineer, on which also a good 
length of the adit is marked. As regards the prospects of the 
proposed workings, I think they are very fair, judging from the 
character of the reef at the surface, and that gold has already been 
found in the portion crossing the adit ; but it must not be forgotten 
that, as soon! as the available backs are worked out, opening of the 
reef in depth will have to be effected by shaft and requires pump- 
ing and hoisting machinery. The flat reef may either be a so-called 
" dropper," or represent a reef parallel in strike to the main reef, 
which, on crossing the latter in depth, shifted it a little southward ; 
still, whatever its nature, I take it to be uncertain in extent and 
auriferous character. The portion left in the shaft might perhaps 
be easiest opened from a rise from the end of the adit. Touching 
the crushing machine of the Company, it consists of fl?e heads of 
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revolying Btamps, dnven by a turbine, copper-plate table and blanket- 
strakes ; a rippled tailing-race forming not a bad addition. 

Golden Crown Reef, — This is apparently a continuation of 
Logan's Reef, from which it lies about 1} mile distant to the east. 
The discoverers, J. Wrightson and Co., have not done much woric 
on it as yet ; but from what is disclosed, it seems to be of a mul- 
locky character, and from 9 to 16 inches thick. A crushing of 17 
tons yielded about 8 dwts. of gold per ton. 

Claim No, 10. — ^This lies also in the line of. and about 2 miles 
distant from, Logan's Reef. It contains a well-defined quartz reef, 
from 2 to 4 feet wide, in which superficial prospecting has not dis- 
closed any gold as yet ; but near to this reef, on the south, and dip- 
ping towards it, runs a parallel leader from 6 to 10 inches thick| 
from which a crushing of 26 tons produced at the rate of 26 dwts. 
of gold per ton. The reef deserves, in my opinion, to be properly 
prospected. 

The Bendigo Deep Level Company^ managed by Mr. G. B. 
Douglas. This is a spirited and, in my opinion, higldy promising 
prospecting enterprise. The adit, which at the time of my visit was 
only 10-12 feet in, starts from the Bendigo Creek, southward, into 
the high precipitous mountain side, in a direction nearly at right 
angles to several reefs presently to be mentioned, and also to the 
lines of the main reefs previously described, though at more or less 
considerable distances east of their workings. Thus, according to 
Mr. Douglas's survey, it would intersect, at 60 feet in and 100 feet 
beneath the surface, the line of a reef L foot wide, whi6h has proved 
auriferous ; at 163 feet in and 300 feet below the surface, the line 
of the Guano Reef^ a well formed reef, 2 feet wide, opened right 
above the line of the adit, and which has yielded from 15 to 26 
dwts. of gold per ton from 5 cnishings that ranged from 26 to 48 
tons each. Next comes at 260 feet in and 450 feet beneath the 
surface workings, the line of Rroadfoot^s Reef^ also a tolerably well- 
defined reef of 2 feet in thickness, from which 3 cnishings of (from 
28 to 42 tons each, gave at the rate of 12^ to 14j| dwts. of gold per 
ton. Beyond this reef, at 400 to 500 feet in and about 500 feet 
beneath the surface, come two leaders, or small reefs, firom which 
cnishings have yielded 7} to 9 dwts. of gold per ton. The line of 
the Lncknow Reef would be intersected at 700 feet in and 550 feet 
beneath the surface ; that of the Aurora Reef at 1,400 feet in, and 
700 feet beneath, and that of Logan's Reef at 1,900 feet in and 
1^000 feet below the surface ; also two leaders, each about 12 inches 
wide— one between the Lucknow and Aurora, the other between 
the latter and Logan's Reef--of which crushhigs yielded respec- 
tively 9 dwts. and 13 dwts. of gold per ton. A great collateral ad- 
vantage the site of the adit has, is that from the Bendigo Creek 
running past its mouth a never-failing supply of water could be 
procured ^for crushing purposes, motive power included. The adit 
lias been commenced only wide enough for single tramway, though 
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I think double tramway-widtli would have been far more advisable. 
What I would especially recommend to the company is to start as 
soon as possible work with a good boring machine driven by 
compressed air, which would save special ventilation of the adit, 
and to use gun cotton, or better still, Nobel's Dynamite, for 
blasting. 

The Alta Beef, — This reef has been deserted for a long time, 
though its prospects seemed encouraging enough up to the last for 
an extended trial. It lies about three miles E.N.E. of Logan's 
mine, and seems, from what could be seen in some of the old 
workings, to run in a rather crooked way, at a mean strike of 
E. 3° to 5^ W., and to dip nearly vertical. Walls apparently not 
very well defined. Its thickness seems to have ranged from 2 feet 
to 6 to 8 feet in places. Eight crushings realised at the rate of 
from 3^ to 19 dwts. of gold per ton. 

A peculiar feature in the reef was the occurrence on the south 
wall of masses of a very heavy, yellowish-white mineral, which 
proved very troublesome during crushing ; and on Examination of 
the spoil heaps from the workings, I discovered specimens and recog- 
nised it as " scheelite," or tungstate of lime. As this is a mineral 
that most frequently accompanies bismuth ores, there might be a 
chance of the reef carrying these ores in depth, or of their occur- 
ring in the immediate vicinity. The reef has not very judiciously 
been opened by two adits of 90 and 140 feet in length, and at the 
respective depths of 64 and 80 feet, whilst, according to Mr. 
Douglas, an adit from the opposite side of the range, where the 
machinery stands, would at a length of about 680 feet have struck it 
at a depth of 280 feet, and crossed besides four other reefs, of which 
one yielded 14 dwts. of gold per ton, from a trial crushing of 12 
tons. 

The crushing machine, connected by a long tramway and shoot 
with the mine, consists of ten heads of revolving stamps, in two 
batteries, driven by turbine ; amalgamating tables of the usual 
pattern, and blanket strakes. Not being housed in, it is suffering 
much from exposure to the weather. 

The Rise and Shine Reef, — This peculiar occurrence of auri- 
ferous stone — for it cannot be called a reef— lies about three- 
quarters of a mile east of the Alta machine. Judging from three 
small shafts, the only workings as yet executed — one 18 feet deep 
lying in the bottom of a gully, the other two shallower, sunk several 
chains apart on the slope of the southern range — it consists of a 
zone of highly mineralised mica schist of considerable width, and 
apparently striking N. and S. ; dip uncertain. The stone worked 
out of the gully shaft, amounting to about 30 tons, is densely 
traversed with quartz veins in all directions, in which fine gold can 
freely be seen ; and there is besides a considerable quantity of iron 
and arsenical pyrites present. Good prospects of fine gold can also 
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be washed out of a streak of loose stuff, resembling a casing, on one 
side of the shaft, whilst the fact that from below the line of the 
formation down the gaily, and on the slope of the range, the 
alluvial drift has furnished rich returns of angular or not waterwom 
gold, is a clear proof of the richly auriferous character of the i)or- 
tion of the outcrop removed by the denudation. In reviewing all 
these different points, I think that the proper opening and working 
of this singular formation — which may likely represent a so-called 
" blow" leading to a defined lode in depth — would be a very pro- 
fitable undertaking, more especially as there is a fine water-race 
near at hand to furnish the necessary supply of water, motive 
power included, for crushing purposes. If found to extend from 
the gully into the southern bounding range, it could there be 
opened and worked by an adit, lying at a vertical depth of perhaps 
near 440 feet below the top of the range. 

APPENDIX 7. 
Auriferous Reefs akd Companies of the Carrick Range. 
Besides the managers of the mines subsequently mentioned, the 
gentlemen who kindly afforded me informitian about the reefs were 
were — Mr. James Marshall, Mr. Charles Colclough, Mr. William 
Grant, and Mr. James Stuart. Progressing upward from the foot 
of the range, the reefs I visited are : — 

New Royal Standard Com'pany's Keef. — This strikes N. 20*^ 
W., and dips eusterly at an angle of about 75°, but runs very irregu- 
lar and is not well defined. It cuts apparently through the dis- 
turbed looking country rock — a rather soft phyllite — both in strike 
and dip. In parts of the old workings, which consisted of an open 
cutting, and irregular short drives, extending over several chains in 
length, it was formed of nothing but leaders of quarrziferous mul- 
lock, for 15 or 16 feet in width, which yielded on crushing from 6 
to 12 dwts. of gold per ton. Several small crushings from narrow 
places produced, however, up to 2 ozs. per ton. As it may likely 
become more defined and perhaps richer in depth, it would be ad- 
visable to prospect it by an adit from the steep slope of the spur 
which it crosses. 

Cioimi and Cross Claim. — This is owned by Watson, Herbert 
and Co. The reef (worked by a shaft 47 feet deep, which will soon 
be in connection with an adit, driven from the bottom of the adjoin- 
ing gully), strikes N. 20° W. with an easterly underlay at 75-80^, 
cutting through much disturbed phyllite, and ranges in thicknes, 
from 6 inches to 3 feet, and 4 feet in bunches. Its hanging wall is 
defined and smooth, the foot wall rather uneven. It consists of 
quartziferous mullock, traversed by occasional small quartz veins 
with geld fairly distributed throughout. 200 tons crushed paid at 
the rate of about 1 oz. per ton. The prospects under foot and in 
strike South are very encouraging — a prospect of the mullock from 
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the bottom, washed in my presence, gave a fair quantity of very 
fine gold, besides several small quartz specimens. At the northern 
end of the workings which — small prospecting shafts included — 
extend about three chains along the reef, the latter was found 
faulted 10 feet eastward by a clay slide 15 fept in thickness. In a 
small claim, next adjoining' the Crown and Cross on the south, 
owned by Robert Scott and John Meyers, the reef was just struck 
by a small adit, dunng the presence of our party on the ground. 

This reef is considered to be the continuation of the " White 
Horse" or " Try Again" Reef, next to be mentioned ; but as it runs 
some distance — about \\ chains — sideways of the latter, this can 
only be the case on its representing a faulted portion of it — a sup- 
position not unlikely to prove correct, judging from the identity in 
strike, dip, and character of the two reefs, and the frequency of 
faults in the district. 

White Horse or Try Again Reef. — Worked by Saltoun, Camp- 
bell, McKersie, and Co. This reef strikes N. 20^ W. and dips 
eastward at an angle of about 76°, cutting through alternating 
harder and softer beds of phyllite — a feature which renders its 
course rather irregular : strong turns, both in strike and dip, being 
very frequent. The walls are in places well, in others badly defined; 
where well defined, they mostly show polished and striated casings. 
Its thickness ranges from 9 inches to over 4 feet, and it consists of 
quartziferous mullock, traversed by broken quartz veins, generally 
rich in arsenical pyrites, and sometimes pretty thick, carrying good 
gold, though the latter occurs also finely impregnated throughout 
the mullock mass. 

Touching the occurrence of the gold on the large scale, it seems 
to be accumulated in shoots, which have a decided dip in strike 
southward. The average yield of gold has hitherto been about 1 oz. 
per ton from several hundred tons crushed, and there is no sign of 
the reef becoming poorer under foot. The main workings consist 
of an adit, extending about three hundred feet along the reef, from 
which stoping is being extensively carried on — the height of backs 
available up to the crown of the hill, amounting to nearly 100 feet. 
Another adit could be put in in the strike of the reef over 100 feet 
lower down the slope of the range ; and this work it would be wise 
soon to enter upon. 

Caledonian Company. — Managed by Mr. G. T. Stephenson. — 
This company is at present engaged in driving from the bottom of 
a deep gully an adit, which is intended to open the Caledonian Reef 
180 200 feet beneath the level of the first adit, in which work has 
been stopped, on account of what was considered payable of the 
available backs — about 70 feet high — having been worked out, 
According to the direction of this upper adit, which followed the 
eef southward a length of 400 feet, the latter runs in a wavy line 
at a mean strike of S. 30-35° W., whilst several shafts sunk on it 
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from the adit show it to dip very close upon verticaL Its walls 
seem very well defined, and show thin clay casings. Touching the 
behaviour of the reef in the old workings, yields, &c., Mr. Stephenson 
kindly afforded me the following information : — " The reef ranged 
in thickness from 1-7 feet, but was in places pinched to a mere 
casing ; and there were also shelves of hard rock, which frequently 
altered its course in dip, throwing it, step-like, several feet eastward. 
At the end of adit it runs thin, but still looks promising enough to 
induce a party of miners to drive a deep adit from the opposite 
slope of the spur, for the purpose of opening it in depth beyund 
the company's ground. Above the slopes, towards the surface of 
the spur, a considerable extent of ground is still unproved. The 
reef was of a mullocky character, but contained frequently broken 
veins and bunches of quartz, richer in gold than the rest. There 
have been close upon 800 tons crushed, at an average yield of 
about 1 oz. of gold per ton. Along and from the adit five shafts 
have been sunk on the reef, ranging from 12 to 100 feet in depth, 
in all of which it (the reef) has proved to be auriferous, though, 
with the exception of one, not so rich as in the old workings. In 
the two deepest ones (70 feet and 100 feet) the reef was rather 
irregular tuwards the bottom. Outside the adit there is a sixth 
shaft of 80 feel in depth, in which the reef has also proved not 
unpromising. The new deep adit, which is about 170 feet in, is 
driven in the direction of this latter shaft, and will soon reach the 
reef, provided the latter has nut suffered any change in strike and 
dip. Considering, however, the frequent occurrences of this kind, 
viz., the eastward jumps in the worked-out ground, it must be 
apprehended that they exist likewise in depth, and it would there- 
fore have been wise to cross-cut eastward for the reef before 
proceedino; much farther with the adit. Mr. Stephenson is very 
sanguine of the reef proving payable down to the level of the 
latter, and, if so, looking at the height of available backs to rise 
upon, the company would be in a prosperous condition for a consi- 
derable time to come. 

Froposed Long Tunnel Company, — On the high spur — the 
" Long ilidge" — between two branches of Smith's Creek, west, 
opposite the Caledonian Company's mine, a number of small mul- 
lock reefs have been superficially worked. One of these, the so- 
called " Border Chief Reef^^ strikes, according to Mr. Buchan, 
E.S.E., and dips northward at an angle of about 20®; thickness, 
about 6 inches ; country very hard. A small patch of stone found 
just under the grass would have gone 30 ozs. of gold per ton, but 
it was mixed with a lot of mullock, and averaged on crushing only 
6 ozs. per ton. The patch was small, and wedged out about 20 feet 
from the surface. The topographical features being very favourable, 
a company is projected, so Air. Colclough informed me, for driving 
a deep adit from the bottom of the spur, to test this and the 
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other reefS| including the Caledonian Reef in depth, perhaps 
at 5 tp 600 feet, and also to extend it towards the group of rich 
reefs, lying at more than 1000 yards horizontal distance, and about 
1000 feet higher up the range ; the stretch of ground interiuediate, 
though no reefs as yet have been discovered in it, presenting also 
rather favourable indications of their existence. All I can say about 
this expensive project is, that it is a legitimate one, but it seems 
considerably more risky than the Bendigo Deep Level, irrespective 
of its not having the the advantages of the latter — touching a ready 
supply of water for crushing purposes. 

The Star of the East Company — Managed by Mr. Arch. Cameron. 
The Star of the East Reef strikes E. 20 to 25° S., and dips north- 
ward at 50 to 56°. It was opened by an adit in strike of 480 feet, 
which rendered a height of 108 feet of backs available beneath the 
top of the hill, into which the adit penetrates. These backs have 
been worked out for 250 feet in length to near the boundary of the 
Company's ground, whilst also a large portion of the xeef has been 
removed from underfoot, between two shafts, 60 feet apart and 60 
feet deep on the underlay, which workings produced about 1200 
tons of crushing stutF — all quartziferous mullock — which yielded in 
the average 12 dwts. of gold per ton, the reef becoming more solid 
and improving in depth. In th^ backs the reef ranged in thickness 
from 2 to 8 feet, average 4 feet, and paid 14 dwts. per ton. As its 
further working underfoot from the upper adit proved too expensive, 
the company started a deeper adit from the other slope of the range, 
at nearly right angles towards the reef. This adit had at the time 
of my visit advanced a length of 440 feet, and Mr. Cameron ex- 
pected to strike the reef at another 40 to 50 feet, provid<^d it pre- 
served the same underlay as where last worked underfoot from the 
upper adit. The heiglit of backs to rise to these old workings 
would be about 250 feet. At a distance of 386 feet from the adit 
mouth the Company had, however, the luck of intersecting a new 
mullock reef, which proved payably auriferous, and was at once 
opened up, and has been extensively anJ properly worked since. A 
main drive along its strike is 230 feet in length, and the stopes ex- 
tend on the west side of the adit for about 70 feet in length, and 
10 feet in height, on the east side respectively 60 feet and 80 feet, 
and prospecting rises are opened some 80 feet higher either side. 
The heiglit of backs still available for stoping is estimated at 250 
feet. Two prospecting winzes, 30 feet apart, have also been sunk 
from the drive on the underlay of the reef — one 40 feet deep, on the 
e*st, the other, 60 feet deep, on the west side of the adit. The reef 
strikes, according to these workings, E. 15^ to 20*^ S., and dips 
northward at an angle of 50*^ to 56'^, a course nearly parallel to 
that of the oid reef. It wa* found to range from a mere string to, 
in places, over 3 feet in thickness, the mean being about 2 feet. It 
twists and turns, in strike and dip, in places, in a most perplexing 
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manner, and Mr. Campron deserves great credit for iiaving perse- 
vered and succeeded in following it in ite tortuous course. The average 
yield of the crushings has hitherto been .^8 dwts of gold per ton, and 
there is at present no apprehension of a falling ofT. Both in strike — at 
the two faces of the main drive — and in dip — in the winzes under- 
foot ; the thickness of the reef was, however, below the average. 
As far as Mr Cameron has observed, the best paying stuff dips at a 
rather sharp angle in strike eastward. Of further particulars about 
this reef, I learned that its existence was long ago surmised, and it 
was originally searched for by the Black Horse Company, by two 
deep shafts, sunk in a mullock slide on top of the range, in about 
the line of the present adit, and which would have struck it, if con- 
tinued not many feet deeper. There is a possibility, though by no 
means a strong one, of this reef and the old reef being identical, 
i.e., that the latter represents a faulted portion of the former, in 
which case it would of course be found suddenly cut off in depth. 
The deep adit will, for the sake of the company I hope, soon dispel 
any apprehensions in this respect, by striking it at the calculated 
distance. As regards the crushing machine of which this company 
and the Heart of Oak Company, next adjoining, are co-proprietors, 
it is managed by PJr. W. Menzies, and consists of ten heads of 
revolving stamps in two batteries, driven by a steam engine — brown 
coal serving as fuel. Hot water is introduced into the stamper 
boxes. As gold-saving a{)pliances, are used amalgamating tables 
and blanket strakes of 14 feet in le:igth, laid at an inclination of 1 J 
inch per foot. The blanket sand is treated in the barrel, and a 
shaking table serves for concentration of the amalgam. Mr. 
Menzies, who evidently understands his work well, is aware of a loss 
of fine gold, which is frequently increased by a too limited supply 
of water. This serious want, which affected all the companies on 
top of the range from the commencement, will shortly, however, be 
removed, and the gold mining interests of the district generally will 
be greatly benefited by the completion of an extensive race, carry- 
ing a powerful stream of water, constructed by the Carrick flange 
Water Supply Company. 

The JELeart of Oak Company. — Managed by Mr. Thomas 
Scott. — The prospects of this company are of a high order; for its 
ground, which is west adjoining that of the Star of the East Com- 
pany, encloses three proved auriferous reefs, viz., the Old Star of 
the East Reef, the Old Heart of Oak Reef, and the so-called North 
Reef, whilst a fourth, viz., the new reef of the Star of the East 
Company, just described, is worked up to within a short distance of 
its boundary. The Old Star of the East Reef has been worked 
with good results from the old adit of the Star Company up to and 
a good distance along the surface, and looks promising ahead ; and, 
besides, what appears like a continuation of it, though called the 
I^ew Reef J has a short distance higher up the range been taken out 
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for about 30 feet in leno^tli and 30 feet in depth, and proved pay- 
able, though only six inches thick. The Old Heart of Oak Reei, 
one of if not the richest in the district, strikes W. 25® S., and dips 
northward at an angle of 56 . It joins the Old Star of the East 
Reef, and has been worked, both from the upper adit of the Star 
Company and from the surface, a length of about 120 feet, and 160 
feet in depth on the underlay. Its thickness varied from a few- 
inches to over three feet ; average, about two and a half feet. There 
have been from 2000 to 3000 tons of stuff raised and crushed from 
these workings, which realised at the rate of 1 f oz. of gold per ton. 
Prospects where left off working still very good. 

The North Reefy which has been opened on top of the spur 
several chains west of the previously mentioned workings, strikes 
W. 15® S., and underlays southward at an angle of 70®; but fre- 
quent jumps render the underlay much flatter in the average. 
From its outcrop at the surface it shows an endlong dip in strike 
westward. It has been opened by a shaft 100 feet deep, and 
worked to a depth of 70 feet and 70 feet in length, proving from 
six to eighteen inches in thickness, and yielding trom If to J oz of 
gold per ton. Pressure of water in the shaft prevented farther 
working. As the same difficulty attached also to the deeper work- 
ing of the other reefs, the company have lately started on the same 
slope as, but considerably lower than, that of the Star of the East 
Company, a deep adit, which, according to Mr Scott's survey and 
calculation, would intersect the reef farthest off, viz., the Old 
Heart of Oak, in dip, at a distance of 800 feet in, and at about 
300 feet vertical, or 500 feet depth on the underlay. 

The Elizabeth Gompani/. — Managed by Mr. John To wan. 
This company is, like the previous ones, engaged in driving an 
adit for the purpose of opening the Elizabeth Reef in depth, the 
backs from an upper adit towards the surface having been worked 
out. The lower adit, which runs nearly at right angles towards 
the reef, had, when I saw it, according to Mr. Towan's measure- 
ments, advanced to within about 100 feet of the point of intersec- 
tion with the reef, from where a main level in the strike of the 
latter would render a height of backs of about 215 feet available 
for rising upon towards the main drive from the upper adit. The 
reef, which consists of quartz if ero us mullock, strikes S, 20^ E., and 
dips eastward at an angle of about 40^. In the worked-out por- 
tion, which is about 270 feet long, and extends from the surface 
down to the level — a depth of about 180 feet beneath the highest 
point of the hill which the reef crosses — the thickness of the latter 
has ranged from eighteen inches to, in places, three and four feet — 
average, about two feet — and its walls were well defined. The yields 
have been from 8 dwts. up to 25 dwts., or close upon 13 dwts. of 
gold per ton in the average. About three and a hhlf chains from 
the point where the main drive starts from the adit, which latter 
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has been driven at nearly right angles towards the reef, a shaft has 
been sunk on the underlay of the latter to a depth of 65 feet, and a 
level extends southward from the bottom a length of 90 feet, all 
along which distance and down the shaft the reef has proved highly 
payable — a point which augurs very well for the prospects of the 
deep adit. In fact, judging from the mode of occurrence of the 
best stuff in the old workings, as shown on a small plan prepared by 
Mr. Towan, there can hardly be a doubt that it forms a pretty wide 
shoot, which, whilst passing the just mentioned shaft and level, dips 
steep southward in strike, and would be struck by the adit pretty 
near the centre of its width. In its course northward the reef — 
bein^ two feet thick— is suddenly cut off by a mullocky cross reef, 
striking W. 15P S., and dipping southward at an angle of 65^. The 
line of the unmistakable fault runs across the upper main drive about 
40 feet southward from the upper adit, which has been continued 
about 200 feet farther westward in search of the faulted portion of 
the reef, but intersected only the faulting cross reef and a thin gold- 
bearing leader; whilst a cross-cut northward from near the end 
penetrated the former a second time, without any sign of the reef 
being apparent beyond. If these workings, in view of the distaace 
driven, furnish already nearly certain proof that the reef has not 
faulted in that direction (westward), the mode of fault itself (angles 
and line of intersection of the two reefs) would also, according to 
an old mining" rule, indicate that the throw has been the reverse 
way or eastward ; and as the adit has, within about 70. feet east- 
ward from the line of the reef, intersected a thin mullock reef, 
showing apparently .the same strike and underlay as the latter, I 
think it highly probable that this represents the faulted portion. A 
drive on it southward in strike to its point of intersection with the 
cross reef would, whilst proving its auriferous character, soon dispel 
any doubts on the question. The cross reef, which is from one to one 
and a half feet thick, and looks much like the main reef in character, 
would also, in my opinion, deserve a trial crushing. Mr. Towan 
game across a second fault in the reef in its line of dip during sink- 
ing the underlay shaft from the main drive ; but in this instance he 
soon recovered the faulted portion by intelligently applying and 
working according to the main mining rule, viz., that the part of 
the country with the enclosed lode, forming the hanging wall of the 
faulter, slid down in the line of dip of the latter. 

The crushing machine of the Elizabeth Co. consists of two 
batteries, each of four heads of revolving stamps, of about 4 cwt. 
each, driven by a steam engine and having front and back escapes. 
The front escape of each battery passes in succession a large amal- 
gamated copper-plate^ an improved amalgamated copper-plate table, 
(similar in construction to that described of the machine at the 
Saddle Hill Reef) and 10 feet of blanket strakes, having an inclina- 
tion of 1| inches per foot. The back-eacape o£ toth batteries runs 
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over a common amalgamating table, and 14 feet of blanket strakes, 
laid at tte same inclination as the others. For the treatment of the 
blanket sand, serves a small Berdan machine. This elaborate system 
of appliances is carefully superintended by Mr. Towan, but having 
to use the frequently limited supply of rather muddy water leaving 
the United Star and Oak Battery, he has no doubt of a great deal of 
fine gold being lost in the tailings. 

The Young Australian Heef. — This lies close upon 1000 feet 
higher np the range than Carricktown, near the head of Adam's 
Gully, and the claim worked on it is owned by Messrs. Williams 
and Edwards. It strikes about S.E. and KW., and dips N.E. into 
the hill at the very small angle of 18°. Walls pretty well defined. 
Its thickness ranges from IJ to 6 feet, in places, and it consists of 
quartziferous mullock, so fine in grain, that on washing prospects, 
pieces of quartz the size of a bean, are very rarely observed. An 
adit of 150 feet in length cut it about 85 feet from the surface, on 
its underlay, and it has at this level been followed by a drive a 
distance of 250 feet, and worked out allout 140 feet in length, by 
30 feet high ; its flat dip, combined with the soft nature of the 
hanging wall, having given Mr. Williams some trouble, and taxed 
his ingenuity in securing the workings in an economic manner, by 
timbering and walling up with waste, combined. From the drive 
two shafts have been sunk 33 feet on the underlay of the reef to the 
water level, and proved it to be down to that depth of the same 
character as in the upper workings. About 160 feet S.E. from 
the end of the latter, the reef has also been struck, of a very promis- 
ing character, by a shaft at a depth of 60 feet from the surface. The 
quantity of stuff" hitherto crushed from all parts of the mine, amouunts 
to between 800 and 900 tons, which realized at the rate of 21 J to 
nearly 25 dwts. of gold per ton. The gold which, judging from a 
good prospect washed in my presence from a tin dishful of the mul- 
lock is ind*ee(i very fine, seems to be pretty evenly distributed 
throughout the latter, Mr. Williams having observed neither shoots 
nor patches throughout the extent of the above workings. There 
have hIso been two other reefs discovered in the claim, viz., one of 
about two feet in th'ckness, running parallel to, and at a distance of 
40 feet from, the one described. This has been opened for some 
distance, and the stuff obtained from it — none of which has yet been 
crushed — would, according to prospects washed, yield about 1 to 
12 dwts. per ton. The second new reef is a cross reef, striking N. 
and S., and dipping E. at an angle of about IS''*. It is from a half 
to two feet thick, and would, according to Mr. Williams' trial wash- 
ings, pay from 1 to 1 J oz. of gold per ton. From all I have seen of 
this mine, and considering that the ground lower down the gully 
offers facility for putting in an adit at a considerably lower level 
than the present workings, and more in the direction of the strike 
of the main reef, I think it represents one of the most promising 
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ones in the district. In anticipation of obtaining the necessary 
supply of water from the large race of the Carrick Range Water 
Supply Company, the proprietors had a fine crushing plant (pur- 
chased from the Conroy's Gully Reef Company) in course of erec- 
tion by Mr. Reid, the well-known mining engineer. The plant 
consists of two batteries, each of five heads of revolving stamps, to 
be driven by an iron water-wheel, common amalgamating tables, and 
14 feet of blanket-strakes. On my representation, they seemed in- 
clined to add deep quicksilver troughs, or to substitute them for the 
amalgamating tables. 

TJie Leader, — This is a mullock reef worked by E. Jones and 
Company, a short distance from the Young Australian, higher up 
the gully. It has been opened by adit, and proved for about 150 
feet in length, showing a rather irregular course at a mean strike of 
S. 15® W., and an eastward dip at 35-40®, whilst its thickness 
varied from a few inches to several feet. The yields from three 
crushings have been at the rate of 11 dwts., 28 dwts., and from the 
last 22 dwts. of gold per ton. llie gold is very fine, and hardly 
ever visible in the mullock. Prospects of the reef still good. 

The Stanley Reef. — This crosses the range a short distance west 
of the Leader, and is being opened by Buchan and Company. It 
strikes "W. 15-20° S., and dips northward at an angle ot 60-65®. 
According to Mr. Buchan, it has been traced in an unbroken line 
for over 1,200 feet in length, i.e.^ much farther than any other reef 
on the Carrick Range. In most of the places, where it has been 
opened on the surface, it is small and contains a little gold all 
through, but where the adit is in, its thickness is 2 to 2\ feet, and 
it gives prospects at the rate of 14 dwts. of gold per ton. In the 
shaft which is being put down on the underlay of the reef, the latter 
is pinched to a few inches, but is now making again, and the stone 
of the " new make " is good-looking and differs from that on the 
surface, which was like that of the generality of the reefs on the 
Range, mullocky. 

The Royal Standard Jteef, — Mr. Buchan supplied me about 
this reef with the following information : —It is situated about 600 
yards north of the Stanley Reef, and is the one first discovered on 
the Carrick Range, and also the richest, having yielded at one time 
7 ozs. of gold per ton. Its strike is nearly due N. and S., and its 
dip east at an angle of about 20°. It was abandoned on account of 
its small size, but another company has just taken it up again, 
and it will now be tested in depth. 

The Kohinoor Reef, — Mr. Buchan states about this as follows : 
It lies about \ mile N.E. of the Royal Standard Reef. Its strike is 
about N.W. and S.E., and it dips very flat towards N.E. It is large, 
well-defined, but very poor, only giving about 5 dwts. of gold per ton. 
The workings extend only to a depth of about 100 feet. There 
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was a patch of good stone on the surface. The claim was ruined 
through bad management 

The Marquis of Lome Reef — According to Mr. Buchan, this 
lies a few hundred yards farther north and nearly adjoining the 
John Bull Reef, mentioned further on. It strikes about E. 20° N., 
and dips southward at an angle of about 30"^. The reef is small 
and consists of very hard, white quartz. A crushing was taken out 
which yielded over one ounce of gold per ton. It was not tried at 
a greater depth than 60 feet when it was abandoned. 

The All Nations Reef, — According to Mr. Buchan, this is an 
isolated reef lying f mile south of the Stanley Reef, and the same 
distance west of the Young Australian. It is also a flat reef of good 
size, and has averaged over one ounce of gold per totu The ex- 
pense in working it is very great on account of the distance, every- 
thing has to be carted. Only lately a road has been made to it, 
previously, everythin«; had to be packed. The strike of the reef is 
about N.W., S.E., and it is almost horizontal, at least much flatter 
than the Young Australian. The &>tuflis crushed at Logan's machine, 
which lies about 8 miles from the claim. 

The Colleen Bawn Reef. — Mr. Buchan states that this is another 
abandoned reef, which was once worked by a Joint Stock Company, 
whose shares were at one time selling at a high rigure. The strike 
of the reef is about due N. and S., and its dip E. at a very slight 
angle. A good number of crushings were taken out and averaged 
about one ounce of gold per ton. The reef is small and in no place 
more than 18 inches ; it would not average more than 9 inches in 
thickness. The top and bottom walls are exceedingly hard. Were 
it not so, the reef could fee profitably worked, as it is adjoining the 
Elizabeth and Heart of Oak, and within a few yards of a battery. 

The Yale of Avoca Reef* — This lies accordinir to Mr. Buchan, 
at the north end of the same spur, as the Colleen Bawn is on. It 
is a large mullock reef running IN. and S. with a very slight dip 
towards the east. The last crushing gave 14 dwts. of gold per ton, 
and were it not in a very awkward place to get to, it could be worked 
profitably. The quartz had to be packed a part of the way, sledged 
another part and carted the remainder of the way to the crushing 
machine. A little capital would make a road which might make 
the reef pay handsomely. Several adits are put in on this reef at 
different levels. It was taken up a short time ago, and another 
adit is being driven which will give about 200 feet overhead. At 
the lowest level the prospects are better than ^n the surface. 

The Robert Burns Reef^. — This lies about a mile west of Car- 
ricktown, low down the north slope of a steep spur, near the head 
of Pipeclay Gully. It is about 2 feet thick, strikes E. 20® S., and 

■— — ■ — ■ I ,-i 

* The Royal Standard, Kohinoor, Marquis of Lome, All Nations, Colleen. 
Bawn, and Yale of Avoca Reefs I did not visit, and all the information given 
has been supplied to me by Mr. Buchan, of Carricktpwn. 
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dips northward at 55^. Its walls appear pretty well defined. 
Crushings have yielded 25 dwts. of gold per ton. The gold ran 
out in depth, but may likely have dipped eastward in strike. 

The Nil Desperandum Beef, — ^It lies nearly in a line with, and 
only a few chains S.E, from the former, but strikes S.E. and dips 
vertically. Some satisfactory returns have been obtained from it, 
but it became also unpayable in depth. 

The John Bull Reef, — This runs about 9 chains higher up 
the slojie, near the top of the spur, south abreast of, and parallel to 
to the Nil Desperandum, and dips N.K, i.e.y towards it at an angle 
of 45®. According to Mr. Buchan, it is one of the most extensively 
worked reefa on the range, and has proved to a depth of over 200 
feet. Dowff^lo that depth it was very small and averaged about 15 
dwts. of gold per ton. These last three reefs which have been de- 
serted for some time, ought, according to their strikes and dips and 
mutual position, to unite not far up the range ; and to test the 
junction of the John Bull and Robert Burns reefs in depth, Griffiths 
and party are at presant engaged in continuing the adit of the Old 
Golden Gate Company (who originally worked the reefs ^i in the 
calculated direction. This is no doubt a very promising undertaking, 
for the junction of the reefs may likely prove richer than each reef 
proved by itself. That one reef should have faulted the other, I see 
no reason to apprehend. 

Not far from the "Robert Burns Reef, in the gully, stands a 
small public crushing machine, owned by Logan and Company. 
This consists of a battery of 5 heads of revolving stamps, about 6 
cwt. each, driven by a steam-engine, with arrangement for introduc- 
ing hot water into the coffers. The savin^r of the gold is effected 
on a common amalgamating table, and 14 feet of blanket strakes, 
with 2-inch fall per foot. For the treatment of the blanket-sand, 
serve a revolving barrel and a shaking table. I have also to notice 
another public crushing machine, viz., that of the Old Royal 
Standard Company, standing near Quartzville, at the foot of the 
Carrick Range. This consists of two batteries, each of 4 heads of 
revolving stamps, fed by hand and driven by a steam-engine. As 
gold saving appliances are used, common amalgamating tables and 
10 feet of blanket strakes, laid at an inclination of about 2 inches 
per foot. From what I could see, there seemed to be danger of 
grease from the stampers dropping into the coffers. This should 
most carefully be guarded against ; for grease not only prevents the 
quicksilver from acting upon the gold, but has also a strong tendency 
of flouring it. 



APPENDIX 8. 
Reefs and Companies of Arrow. 
In this district there have not been any regular reef workings 
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carried on for a long time past. I collected, however, some infor* 
mation on the principal quartz mine once worked, and examined 
also, conducted by Mr. Innes, the mayor, Mr. McDougall and other 
gentlemen interested in quartz-miuing, two promising reefs formerly 
prospected. 

Tlie Old Criterion Company's Reef. — This reef, which had 
once a high reputation in the district, runs in the flat close along the 
Arrow River, near Arrowtown. Judging from the old surface work- 
ings extending for about 5 chains in length, it strikes W. 35° N. 
and dips at 80 to 90° eastward towards the river, crossing the 
country — a soft mica schist — both in strike and dip. There have 
been rich drift-workings close alongside of it. The following parti- 
culars about the reefs and the operations of the old Company, 
were kindly furnished to me by Mr. H. J. Cope : — -The reef was 
discovered in 1864 by a Victorian quartz miner, and is the one first 
opened in the Province. It consists of a clayey mica-schist mul- 
lock, enclosing veins and bunches of quartz. Besides being worked 
for a good length from the surface, a shaft was sunk on it to a depth 
of 120 feet, from which it was worked out from 90 feet down, up 
to the surface, and 70 feet in length. There was not much water 
coming in at the bottom of this deep shaft. Another shaft was 
sunk on the reef at the south-east end of the open workint»;s, about 
40 feet deep, and it was followed from this for 80 feet in length. 
In the main-workings it was at first taken out from one to four feet 
in width, but another manager subsequently broke into what has 
been considered the foot wall, and worked several feet of it, which 
paid nearly as well as what had been previously taken. A leader 
was found joining the reef which also contained good gold. The 
yields from the crushings ranged at first from J to 1 J oz. of gold 
per ton, average about 1 oz., but gradually fell otF to i^ oz, which 
would not pay at the time, and the mine was therefore given up. 
The gold was no where completely lost in the workings ; but the 
best seemed to occur in a shoot, dipping westward in strike. The 
company had a small battery of five heads of stamps, with a common 
amalgamating table and blanket-strakes in front, the whole poorly 
constructed. Much difficulty was experienced in clearing the boxes 
on account of the mullock being of a very clayey nature, and all 
accounts agree that a great deal of the fine gold was lost. The 
management was altogether very bad, for it took about twenty men 
to keep the small battery going. The shares of the company were 
at one time at a very high premium, and the coming to grief of the 
mine subsequently has been the principal cause of destrojdng confi- 
dence in quartz mining in the district, and that prevented the latter 
from being properly prospected since. Considering all the different 
points relating to the auriferous character of the reef, the workings, 
management, &c,, in connection, I cannot help coming to the con- 
clusion that the reef certainly deserves another trial, and that this, 
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if effected in an economic and systematic manner, and with the irae 
of good crushing machinery, might likely prove a very profitable 
speculation. 

The Cornish Beef.— This lies on the Crown terrace, about a 
mile eastward of Arrowtown, and has lately been taken up by 
M*Whirter and party. It strikes S. 40® E., and dips very nearly 
vertical, i.e., south-westward, at about 85°, showing well-defined 
walls, with thin clay casings, and crossing the country — a fissile, 
nearly flat-bedded mica schist — both in strike and dip. Its thick - 
ness is nearly five feet, of which one and a half feet along one wall 
consists of good-looking quartz, full of pyrites, the remainder of 
quartziferous mica schist mullock. The prospectors found good 
gold in the quartz, and opened the reef by a small shaft, since col- 
lapsed, and a small drive; but none of the stuff has been crushed. 
Running at nearly right angles across a steep gully, the reef could 
be easily opened in strike by adits, either side, attaining, at but a 
short distance in, a depth of at IcEist 150 feet beneath the surface 
of the bounding hills : and this trial it decidedly deserves. 
There is a good fall for the waste down the foully, and from a race 
higher up on the Crown Range a sufficient supply of water might, 
perhaps, be secured for a small crushing machine. About 15 feet 
above the reef a good-lockinp^, well-defined leader, about one foot 
thick, is exposed in the gully, which strikes E. 15® to 20® S., and 
dips at an angle of 80® southward — a course according to whicb it 
ought to join the reef at a short distance towards the west. To 
prospect this leader would also be advisable. 

The Columbia Beef. — It lies about a quarter of a mile from 
the former reef higher up the gully, near the top of the terrace, 
being exposed in a narrow rift in the southern hill slope. It strikes 
S. 25° E., and dips close upon vertical. Thickness from six to 
eight feet, mostly composed of solid, rather hungry-looking quartz. 
It has been prospected by a shallow trench, about 40 feet in length 
and gold is said to have been seen in the quartz ; none of the stone 
has, however, been crushed. This reef is not as promising looking 
as the foregoing ; yet, as it could be easily opened by a small adit 
in strike, it might not be unadvisable to give it this trial. 

ALLUVIAL COMPAirrES. 

Arrow Flat Deep Lead Company. — This company, of which 
Mr. Elliot is the manager, obtained very rich prospects from what 
appears to be an old channel of the Arrow River, trendino- across 
the present River Flat towards the old Lake basin beyond Arrow- 
town. In trying to work the ground a large amount of water was, 
however, encountered, issuing from a loose shingle bed, about 10 
feet beneath the surface, and being fed, as examination proved, by 
a strong creek, which joins the valley a short distance higher up. 
The erection of strong pumping machinery was, therefore, resorted 
to, but even this, though consisting of two 12in. drawing-lifts. 
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driven by turbine, and working incessantly day and night, has 
Mtherfco failed to mvke any sensible impression upon the 
water in the shaft. A dry season would no doubt greatly assist 
the company, but as this might be hope too long deferred, I see no 
other way of quickly beating the water than the erection of addi- 
tional or more powerful pumps. A Victorian plan in such cases of 
emergency might also deserve consideration, viz., to sink a good 
shaft in the rock near outside the water-bearing drift-bed, drive 
from this a rock-level underneath and in the course of the lead, 
and to open and work the latter by means of rises from it. The 
putting down of a number of bore-holes, for the purpose of ascer- 
taining the depth and trend of the lead, would of course be a 
necessary preliminary. 

Sons of Fortune Gold Jkining (7o7?ipany. -— This Company, 
under] the management of Mr. Miller, is at present engaged in a 
highly promising enterprise, viz., in driving an adit into an 
enormous land-slip, which backs up the Arrow River, considerably 
over loo feet in height, ^at a place lying about four miles up the 
river from Arrowtown. Judging from the workings higher up, 
there is no doubt rich washdirt existing at the bottom of the valley 
Above the landslip ; but all attempts to reach it by shafts, one of 
which is 42 feet deep, have hitherto failed, on account of too strong 
a pressure of water. The adit is intended for draining the little 
basin, and thus affording access to the washdirt, and it might also 
afterwards be made use of as a tail-race. It was, at the time I saw 
it, about 70 feet in, and would, according to Mr. Miller's calcula- 
tion, have to become about 300 feet longer. The working requires 
very great care, on account of the uncertain nature of the ground — 
large boulders, dangerous to remove impeding the way frequently. 



APPENDIX 9. 

Ebefs AMD Companies of Skipper's Ceeek. 

Nugget and Cornish Compamfs Mine, — This mine lies on the 
N.W. side of the Shotover River, and is managed by J. F. Rosk- 
ruge, who readily furnished me with all the required information. 
The Nugg^jt and Reef strikes W. 43° N., and dips south-westerly at 
angles varying from 70° to 80°. It has well-defined walls, with clay 
casings, and crosses the country — a very fissile argillaceous mica 
schist — both in strike and dip. The present workings of the com- 
pany, of which Mr. Roskruge prepared a detailed plan, are carried 
on from an adit, in an enormous slip, and are, on that account, of 
an intricate nature, and require great care in rendering them secure, 
as the reef varies there in thickness from 12 to over 20 feet in 
places. The adit is in a distance of 197 feet, of which the last 144 
feet are on the line of the reef. The latter consists of quartziferous 
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mica-icbist mullock, with veins and bunches of quartz, sometimes 
several feet thick. Both the mullock and the quartz are very 
abundantly impregnated with iron and arsenical pyrites, and 
contain gold, but the quartz is generally the richest. The average 
yield has hitherto been eleven to twelve dwts. of gold per ton. 
The reef is traceable for a very lonp: distance. High up the 
steep mountain side, N.W., a strong leader was worked in its line 
by another party, and paid 4-3- oz of gold per ton. Down the steep 
slope towards the Shotover River, below the slipped ground, it is 
plainly exposed, from 8 to 10 feet thick, and from there — some 180 
feet perpendicular below the present workings — Mr Hoskruge very 
wisely intends putting in an adit, which will give about 250 to 
270 feet of backs to rise upon. Be3'ond the river, up the opposite 
high and steep range, it has also been opened at several places and 
proved auriferous. There is another reef about 200 feet distant 
from the above described, higher up the mountain side, which strikes 
W. 35® N., and dips at an angle of about 50® towards it — the line 
of junction of both reefs in dip lying, according to Mr Roskruge's 
calculation, perhaps close to the end of the working adit. This reef 
is from 10 to 12 feet thick, and has been worked down from the 
surface', also in the slipped ground, a depth of 100 feet, but there 
is still a good height of backs available above the adit. The yields 
from it have in the average been about 16 dwt. of gold per ton. 
As regards the whole quantity of stuff crashed from the mine, it 
amounts to 6958 tons, which have realised 3624^ oz. of gold. The 
crushing machinery of the company, which stands close to the Shot- 
over River, consists of three batteries, each of four heads of revolv- 
stamps, of about 6 cwt. each, fed hy hand, and driven by a turbine. 
As gold-saving appliances, are used amalgamated plate-boxes with 
three drop-ripples, similar in construction to those of the Elizabeth 
Company's machine, Carrick Range, but improved by the addition 
of splash-boards for ripples. From these boxes, of which there are 
three — one for each battery — the stuff runs over only six blanket- 
strakes of 12 feet in length, and with a fall of 1^ inch per foot 
The blanket-sand is treated in the revolving barrel, and the amalgam 
concentrated on a strake^ covered with amalgamated copperplates. 
A similar, though longer strake, with a ripple at the end, serves for 
washing the stuff from the stamper-boxes. On account of the great 
amount of pyrites in the stone, much quicksilver is lost through 
becoming floured, and Mr Roskruge is also convinced of a consider- 
able loss of fine gold. He intends soon to entirely rebuild the 
machinery, which is old and liable to frequent breaks, so much so, 
that only about 50 tons can be crushed per week, and he took 
notice of my recommendation to adopt the Clunes system of appli- 
ances. In reviewing my observations on this mine, I feel convinced 
that, if worked on the extensive scale which the size of the reefs 
and facilities of the ground permit, and with adequate good crush- 
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ing macldneiy, it would become one of the best paying ones in the 
Province. 

Soulhherg*8 Reef^ Otago Company. — Managed by Mr South- 
berg. This reef, which is traceable for several miles in length, 
crosses the country both in strike and dip, striking E. and W. and 
dripping N. at angles varying from 35° to 60®. It has been 
opene^ from Skipper's Creek both ways by adits, but the most 
extensive workings have been executed on the east side. The 
western adit" is about 200 feet in length, and the reef, where broken 
into by a small cross-cut near the end, is 22 feet wide, representing 
in fact an enormous fissure, with well-defined walls and clay casings, 
filled with the country rock — a fissile, quartziferous mica schist, not 
very much altered or displaced, but richly impregnated with pyrites. 
Of veins and bunches of quartz, indepcDdent of the interlamiuationa 
of the latter, in which the country in this district is very rich, there 
are but a few observable, and the mass, as such, is altogether too 
poor to pay for working. On the east side of the creek the reef 
carried rich gold (1 to 9 oz. per ton) for a considerable distance 
along the surface, ranging in thickness from eight to sixteen feet ; 
but on working downwards it was found to run poor at depths 
increasing towards the east, and the present low adit, though a 
considerable distance in, has not as yet struck it of a payable char- 
acter. At some of the places opened it is from 12 to 14 feet thick.\ 
There are several drives branching off this adit, which have been 
wrought for the purpose of prospecting a strong spur, or dropper, 
which dips flat away from the reef, and has produced good gold in 
the upper workings higher up the range. As far as this spur has 
been opened by the drives it has not, however, proved payable as 
yet, though Mr. Southberg does not despair of finding it so on 
further exploration. It is in places from two to three feet thick, 
but thins gradually to a mere string as it approaches the reef. 
Considering the run of the good portion of the reef worked on this 
side, there can be no doubt that it represents a shoot dipping at a 
rather flat angle eastward in strike out of the company's lease ; and 
on this account, I fear, Mr. Southberg has no chance of finding 
payable ground — a new make — except in sinking from the present 
eastern adit. On the west side the prospects are, in my opinion^ 
far more favourable ; for the adit, if continued along the reef, has 
there a good chance of striking a new auriferous shoot, the existence 
of which is clearly indicated by good specimens and prospects 
having been obtained from the outcrop of the reef higher up the 
range. The present productive workings of the company are car- 
ried on in another claim high up the eastern range, in a large land- 
slip enclosing the reef, similar as in the case of the Nugget and 
Cornish. 

The crushing stuff &om these workings contains abundance of 
vein quartz, and is very ferruginous, resulting from decomposed 
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pyrites, though the latter occurs also intact in pretty considerable 
quantity. The exact yield of the crushings was not given, but from 
what I could gather, it does not amount to much above 5 dwts. of 
gold per ton. 

The crushing plant of the Otago Company consists of sixteen 
heads of revolving stamps, in four batteries, fed by hand, and driven 
by a turbine at a speed of about 60 blows per minute ; weight of 
stamp, 6 cwt. ; lift, only five to six inches ; gauge of gratings, 
which are punched, 122 holes per square inch. The arrangements 
for gold-saving for each battery are as follows : — The stuff passes in 
succession a shallow mercury ripple, two and a half feet of copper- 
plate, two blanket-strakes, four feet long ; a rather narrow mercury 
ripple with a five-inch drop ; and two blanket-strakes of isix feet in 
length. Both the lower and upper strakes are two feet wide, and 
lie, in front of tw3 batteries, at an inclination of one and a half inch 
per foot ; in front of the other two, at one and a quarter inch x>6r 
foot. The blanket-sand, which is very rich in pyrites, after being 
merely washed by tin-dish and in a strake, is left to decompose by 
exposure to the atmosphere, and is thf^n passed again through one 
of the batteries, with gratings of 225 holes per square inch. Mr. 
Southberg knew that on account of the large quantity of pyrites 
much quicksilver was being floured and a great deal of fine gold 
lost, and he seemed inclined to adopt the Clunes system of appli- 
ances: I recommended. 

Thoenix (late Scandinavain) Company. — The ground of this 
Company, also on Southberg's Reef, adjoins that of the Otago Com- 
pany on the east, and, according to a plan, and sections prepared 
by Mr. F. Evans, the consulting engineer of the Company, has 
been extensively worked by and from several adits driven from 
the steep slope of the range. As these workings were inac- 
cessible, I could not examine them; but from what I learned 
from Mr. Evans, the reef, which averages in them 8ft. in thickness, 
contains what appears like two large payable shoots (the yields 
varied fnm 6 to 2^ dwts of gold per ton), dipping eastward in 
strike, and there is besides the chance of the rich shoot coming fronj 
the Otago Company's ground, above-mentioned. The quartz, and 
this is the case in the latter company's ground also, changes in 
character from crystalline and brown ferruginous in the higher to 
dense and bluish grey in the lower parts of the workings — in fact, 
the latter quality represents a so-called " new,*' or *' second-make." 
On examination of specimens, I found it densely impregnated 
throughout (the cause of its dark color) with extremely fine particles 
of pyrites (iron pyrites with much arsenical and copper pyrites), and 
showing gold in very fine specks. It looks in texture more brecci- 
ated than seamy. The reef will in future be worked by and from 
a new deep adit, which, at the advice of Mr. Evans, has been driven 
from Skipper's Creek, and struck the reef at a distance of 34:7 feet, 
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from which level there would be about 160 feet height of backs 
available to rise upon. As regards the crushing machine of this 
company, erected about 8 years ago, and at present much out of 
repair through long disuse, it is the largest in the Province, and its 
system of gfold-saving appliances resembles most closely that of the 
Port Philip Company, Clunes. It consists of 30 heads of revolving 
stamps in 6 batteries, each of 5 heads, supplied with self-feeding 
hoppers and driven by a powerful turbine in the centre. The coffers 
are of the Clunes pattern ; weight of stamps over 6 cwt. ; lift, 6-8 
inches ; gratings punched with 122 holes per sq. inch : at one time 
gratings of wire gauze were used, with only 81 holes per sq. inch. 
The stuff passes from each battery through three connected quick- 
silver troughs, with 8 inches drop, and supplied with splash-boards, 
and afterwards over blanket strakes of 14, 16, and 18 feet in length, 
for different batteries ; some with 1, others with 1 J inch fall per 
foot. The quicksilver troughs are rather narrow, and concave at 
the bottom, which is not as good as if they were flat, as the quick- 
silver is more liable to be splashed over in front. The stuff from 
the stamper-boxes is washed in a large tie. For the treatment of 
the blanket sand, which is very rich in pyrites, serve a large revolv- 
ing barrel with a %road shaking table and rippled ties attached ; 
and after passing these appliances, it is put aside to be ultimately 
ground with quicksilver in a large arrastra, for the purpose, of 
extracting the gold from the pyrites. The yield of the sand by As 
latter process has varied from 3 to 12 oz. of gold per ton; loss* of 
quicksilver not ascertained. There is also a reverberatory furnace, 
built after the old Cornish model, within the mill house ; but this 
has not been in action for the last six years, on account of the fumes 
beinof unbearable and dangerous to the men working in the building. 
According to what Mr. Evans told me, he understands the process 
of the extraction of the gold from the pyrites well, and intends to 
build and work another furnace after the Victorian model, outside 
the mill. Besides this, he purposes erecting in front of the batteries 
several Borlase's buddies to ensure a more satisfactory saving of the 
pyrites. With these contemplated improvements executed — consider- 
ing the capabilities of the mine, as stated by Mr. Evans — it ought 
to rank soon amongst the dividend-paying ones of the Province, 
more especially if the occasional short supply of water for the crush-^ 
ing works is obviated by the construction of the proposed new race. 
There have been a number of other clainis and reefs worked in the 
district, of which Mr. Evans kindly gave me the following par- 
ticulais : 

British American Claim. — It lies on Southberg*s Reef, 600 
feet east, up the rnnge. The reef, being there 3 to 4 feet thic 
was opened by a shaft and the stuff obtained paid 1 1 J dwts. 
gold per ton. The party then drove to an adit to strike the re 
about the site of the shaft ; but having had no survey for guidanc- 
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went nearly 300 feet out of the line, and never reached the reef. 
There has been nothiDg done since in the claim. Between 300 to 
400 tons of stone were crushed by tbe machine of the Nugget and 
Cornish Co., which once belonged to the party. 

Prince of bales' ReeJ — Is a continuation of Southberg'e Reef, 
westward, hi^h up the range. It was from 15 to 20 feet thick 
where opened, and paid from 7 dwts. up to 1 oz. of gold per ton ; 
but the stone crushed was mostly picked. 

Pactolus Reef — It lies north of the Prince of Wales* Reef, is 
about 6 feet thick, and has a north and south strike. The pros- 
pectors opened it for 20 feet in length, and had a trial crushing 
which yielded at the rate of 6 dwts. of gold per ton. As this did 
not pay for working, it was abandoned, and has not been further 
tried. 

Sawyer's Gully Reef, — It was 3 to 4 feet thick on the surface, 
but pinched in depth. Three tons were crushed, which yielded 4 
ounces 12 dwts. of gold. There has been nothing done on it since. 

Rutclier^s Gully Reef, — This was 20 feet wide where opened, 
and a trial crushing paid 7 dwts. of gold per ton. After this it was. 
not further tried. The gold it carries is very fine. 

Ophir Reef, — This lies about half a mile fxttn the Nugget and 
Cornish Ecef, up the Shotover River. It is plainly exposed in a 
landslip, and carries fair gold. The prospectors spent £600 to 
JSIfeO in trying to find it in undisturbed ground, but without sue- 
COM. The mode and manner of conducting the search, has not, 
however, been the most judicious, according to most opinions. 

Hercules Reef, — This is a continuation of the Nugget and Cor- 
nish Reef. Where opened, it was 5 to 6 feet thick, and a trial 
crushing paid 5 to 6 dwts. of gold per ton. Although better stone 
was known to exist, it was given up, and has not received any 
further triaL 

Southland Reef. — This lies about one mile south of the Her- 
<niles Reef, nearly 600 feet above the Shotover River. It is a mul- 
lock Reef with bunches of quartz, which are more or less rich in 
gold. A yield of 45 ozs. was obtained from 14 tons crushed. One 
of the prospectors was killed during working, when afterwards a 
shaft, sunk on it to a depth of 50 feet, struck much water, it was 
deserted, and nothing has been done on it since. 
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APPENDIX 10. 

Reefs of the EonaH Kidge. 

In visiting this district we were accompanied by Mr. James 
Hazlett, M.P.C., who kindly afforded me some information about 
the drift workings of Tinker's and Drybread, passed on the road. 
At the Rough Ridge \«e found only one enterprising man, Mr. 
Withers, employing labour in reopening a reef, once worked by the 
old Ida Valley Company, though over twenty other auriferous reefs 
are said to have at one time been worked in the district. The reef 
Mr. Withers is engaged reopening, and about the history of which, 
and a number of others — the principal ones formerly worked — he 
kindly afforded me the bubsequently given particulars, is the Home" 
ward Bound Reef, The old main openings, from which exploitation 
has been carried on, consist of an adit 770 feet in length, driven 
from a gully in the strike of the reef ; and of a shaft sunk from tha 
hill slope a depth of 110 feet, passing the adit at nbout 50 feet from 
the surface. The reef is not a solid and defined one, but consists of 
a series of quartz leaders, of varying length and thickness, running 
close together-in a defined line of strike, viz., E. 30*^ S., and dipping 
steeply towards each other. Some join also in strike, and, whilst 
one ceases, another generally commences sideways, or a few feet 
further on. This band of leaders, which is traceable for a consider- 
able distance S.E. up the range, traverses a fine blue phyllite, which 
dips slightly westward, and looks much disturbed by joints snd 
faults, which also affect the leaders. A fault of several feet in one 
of the strongest of the latter is, for instance, observable in the 
vertical shaft, where this passes the adit. It is not at all unlikely 
that the country becomes more settled, and some of the main leaders 
join and form a defined reef in depth. This seems to be indicated 
by a body of fine looking quartz- -i feet thick and carrying payable 
gold — having been struck and left at the bottom of the shaft. Mr. 
Withers, who is at present engaged in taking out some payable 
stone from what appears to be the main leader, left by the old 
company underfoot of the adit, intends soon to try his chance — and 
it is, I think, a very good one — in depth by sinking a main shaft 
near the mouth of the adit. For, irrespective of the probability of 
finding there a strong, defined reef, from what he observed about 
the run of the gold, it seems to dip in shouts north-westward, i,e., 
from the hill towards the gully, where the adit commences. The 
quartz of the leader worked, which is but slightly mixed with 
mullock, shows a fine seamy structure and is abundantly impregnated 
with iron and arsenical pyrites, whilst the richer gold-bearing stone 
is characterised by additional impregnated particles of ziucblende 
and bournonite. The old Ida Valley Company had a fine crushing 
machine — the one bought by the Alta Company, Bendigo, noticed 
at another place — but they worked it very badly, and lost, besides 
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gold, a large quantity of quicksilver, some say nearly a ton weight 
in a short time. Mr. Withers* crushing machine consists of a battery 
of five heads of revolving stamps of 5f cwts. each, fed by hand, and 
driven by a small sieam engine. He uses gratings with 1 22 and 
144 holes per square inch, but generally the former. The crushed 
material, ^n leaving the battery, passes first through three shallow 
quicksilver ripples, then over a common copperplate table, and 
ultimately over three blanket strakes, about 16 feet long, and laid 
at an inclination of 1^ inches per foot. For the treatment of the 
blanket sand are used a revolving barrel and a shaking table. As 
Mr. Withers knows from small experiments, that the pyrites, which 
forms a large percentage of the sand, is richly auriferous, he pre- 
serves the latter for future re-treatment. The Clunes system of 
appliances, which I described to him, seemed much to please him| 
and he may likely give it a trial. 

Lloyd! % Reef, — This runs at a distance of about 100 feet south- 
westward from, and parellel to, the Homewardbound Reef. Besides 
having been worked also by the Old Ida Valley Company — by small 
shafts here and there along the surface, it was opened by a cross- 
cut from near the southern end of the adit on the above reef, and 
proved, where struck, to be about six feet thick. On driving on it, 
a fault was found to cut it off close to this point north-westward in 
strike, and the faulted portion was not recovered ; south-eastward 
it continued, however, well-defined, though gradually thinning to 
about one foot, and was followed a distance of about 300 feet, and 
stoped out from the level to very near the surface — the quartz pay- 
ing very satisfactorily. Mr. Withers intends prospecting for this 
reef — the above-noted faulted portion — by a crosscut from his con- 
templated new main shaft, and is not at all unlikely to discover it, 
judging from indications of the reef on the surface abreast of the 
mouth of the adit. 

Great Eastern Reef. — -This lies about \ mile north abreast of 
the Homewardbound Reef, and strikes S E. with a dip at an angle 
of 85° traversing very flat-bedded phyllite, and showing well-defined 
walls. It has been worked for several hundred feet in length, and 
40 to 60 feet in depth, partly by open cutting, partly by and from 
an adit about 200 feet long. At the mouth of the adit a shaft was 
isunk on it a depth of 70 feet, when a strong pressure of water pre- 
vented further sinking without pumping machinery. At the bottom 
of this shaft the reef is said to be left 1 8 inches thick, and carrying 
better gold than found in the main workings. In these, its thick- 
ness ranged from a few inches to three feet — average, about 1 J feet 
— and it consisted of quartz and mullock, the former much pre- 
dominating. The gold occurred in shoots, dipping north-westward 
in strike, siniilar as in the Homewardbound reef. There have been 
several 100 tons of stone crushed with an average yield of about 1 
oz. of gold per ton — the yields having ranged from 7 dwts. to 2 oz., 
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and, from some narrow parts of the reefs, even to 3 ozs. of gold per 
ton. About three chains N.W. from the mouth of the adit, on a 
low rise, bounding the gully which runs up to the above workings, 
some open workings have been carried on, and small shafts sunk on 
what appears to be the continuation of this reef, and from these 
also some good gold is said to be obtained. The cause of the deser- 
tion of the reef by the Great Eastern party, who worked it first, 
and by the Energetic Company, who worked it subsequently, is said 
to have been partly bad management, partly want of enterprise in 
erecting the necessary pumping machinery for opening it in depth — 
a trial which it, in my opinion, certainly deserves. 

West of England Reef — This was formerly worked by the 
Sons of Temperance Company by an adit, open cuttings and shafts, 
about eight chains northward from the mouth of the adit on the 
Homewardbound Reef. It strikes E. 15® S. and dips northward 
at an angle of 56°. Its thickness ranged in the old workings 
from 6 inches to 18 inches, and it pinched and expanded at very 
short distances. The gold occurred in a shoot that dipped west- 
ward in a strike. A considerable quantity of stone was crushed, 
which yielded from 6 dwts. to IJ ounces of gold per ton. The reef 
has been traced by shafts several chains westward under the alluvial 
of a flat adjoining the workings ; and as the gold struck was found 
to dip in that direction, it might not turn out a bad speculation to 
prospect it there, though on account of the water, no doubt to be 
met with, a horse-whim would likely be required in sinking below a 
shallow depth. 

Surprise Reef — This is a small reef only about one foot thick, 
and has not been much opened. 60 to 80 tons of stone crushed, 
yielded from 14 dwts. to IJ oz of gold per ton — a return which did 
not pay, as the expenses were too high at the time. 

Queen of the Isles Reef — It lies between the Great Eastern and 
the Homewardbound reef, near the line of the former, and was 
worked several years ago by the Ida Valley Company to a depth of 
about 40 feet. Its thickness ranged from 1 to 2 J feet, and about 
100 tons crushed from it paid from 10 to 17 dwts. of gold per ton. 
There has been nothing done on it since the company broke up. 

New Reef — This has lately been discovered by Mr. Withers, 
who is sinking a shaft on it. Its position is about f mile north- 
ward from the Homeward Bound Reef. Whilst dipping nearly 
vertical it runs N.E., a 3ourse crossing the lines of all the other reefs. 
It consists of coarsely crystalline quartz, is about 7 inches thick, 
and has one good wall. A crushing of 28 tons gave the handsome 
return of 1 J ozs of gold per ton. ITiis reef crops out within a zone 
of country perhaps over a mile in width, which is full of a number 
of small reefs or spurs, 40ft. and less apart, running more or less 
parallel, of which many have been opened and proved auriferous. 

Before leaving this district, I may mention what Mr. H. J 
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Cope infonned me of, namely, that at Sutton, Strath Taieri, a large 
reef has some time ago been worked by Mclvor and Co., called the 
Kecassoli Reef. This was about 7ift thick, and consisted of 6ft 
of white quartz, with 18 inches of mullock rucning alongside. The 
first crushing paid 2 oz 9 dwts, the second 1 oz 13 dwts, and a third 
of twenty tons, 13 dwts of gold per ton, which latter did not cover 
expenses. The crushing machine used consisted of an atmospheric 
two stamp battery, driven by steam. The mullock vein, which was 
the gold-bearing portion, ran out in depth ; of the white quartz, 
none was tried. From the fact that the gold, after retorting, turned 
out black, it is, no doubt with truth, surmised that some bad metal 
was in the stone, which caused a loss of gold during crushing. 



APPENDIX 11. 

BEEFS OF MACBAE's FLAT. 



To this locality I was kindly conducted by Mr. Warden Robin- 
son, of Naseby. At the head of Macrae's Flat there have been at 
one time several so-called reefs prospected and proved auriferous 
(Qolden Bar Reef, Moonlight Reef, etc.), but according to descrip- 
tion, they seemed to have only formed bunches, or " blows," between 
the beds of the country, running out in strike and dip. The only 
reef on which some extensive workings have been carried on is the 
Duke of Edinburgh Reef, and about the history of this and the old 
company who once worked it, I received ready information from 
Mr. A. Simpson, a former employ 6 of the company. The reef, 
where exposed, in a small cutting from a gully near the old main 
workings, is 3ft. thick, strikes W. 20® N., and dips northward at 
an angle of 35® to 40*^, lying between the beds of a rather soft 
blue phyllite that forms the couLtry rock. The foot- wall, or 
underlying rock-bed, is well-defined and smooth, but the hanging 
one is broken and traversed by small quartz leaders, dipping towards 
the reef, which latter is composed of about 15 or 18 inches of 
quartz on the foot wall, and nearly 2 ft. 6f mullock, traversed by 
quartz strings*, on the hanging wall. The quartz is good looking 
and abundantly impregnated with pyrites. As regards the old 
workings, which consist of open cuttings and shafts, now more or 
less collapsed, they extend, with a few interruptions, for 12 to 15 
chains in length ; but the greatest depth reached at any point was, 
according to Mr. Simpson, only 40ft. The quartz, which was princi- 
pally selected for crushing, ran from 10 to 18 inches in thickness, 
and paid from 7 dwts. up to 2 oz. of gold per ton. It was nowhere 
lost in depth. The reef, as such, is traceable for more than a mile 
in strike, and crosses two small gullies, which, from the crossing 
line downward, have proved very rich in gold, a clear proof that the 
denuded portion %i the reef must have been richly auriferous also, 
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and indicating the chance of the latter being there payable in depth. 
The company's crushing mill was a very good one, but, judging 
from the coarseness and pyritous nature of the tailings, and that, 
according to Mr. Simpson^ a large quantity of quicksilver was lost, 
a great deal of the gold, which was very fine, must have been lost 
dlso. On account of the scarcity of water in the locality, the com- 
pany had a fine reservoir constructed in the gully below the reef, 
from which an adit led the water to a shaft, 50ft. deep, sunk close 
to the machine, and furnished with pumps for supplying the bat- 
teries. Considering the nature, extent, and auriferous character of 
this reef, and the, no doubt, considerable loss of gold during former 
crushing, there is, I think, some chance that, if economically worked, 
and with improved gold saving appliances, it might leave a profit^ 
notwithstanding a great exi)ense connected with the procuring of 
fuel (Brown coal from Shag Pont) for a steam engine. 



APPENDIX 12. 

BEEFS OF 8HAG VALLEY. 

In visiting the locality Mr. Rich, of Bushy Park, and Mr. 
Harvey, of Dunedin, kindly acted as my guides and informants. 
The first reef I saw has been worked on both sides of a steep guUy ; 
on the one side, the most extensively, by Duncan, Glover, Reed and 
Company, on the other side by the 8hag Valley Lease and Freehold 
Company . It consists of irregular larger and smaller bunches of quartz, 
ranging from less than an inch to several feet in thickness, lying 
between the beds of the country, a hard, bluish grey phyllite, which 
strikes N. 30® W., and shows an undulating dip north-eastward, at 
a mean angle of about 14®. Work was suspended on account of 
the uncertain thickness and auriferous character of the ree£ A few 
chains higher up the gully a similar reef, or rather a succession of 
interlaminated bunches of quartz, has been worked by adits and open 
cuttings at several places on the eastern hill-slope : but here also 
work had to be given up for the same reason as in the former case. 
Some of the quartz-bunches paid very well, but ran quickly out, and 
it took all the profit made, and more, to prospect for others. In 
the neighbourhood of this place there are the ruins of a small bat- 
tery of 5 heads of revolving stamps. 

The Shamrock Reef, — This lies half a mile north-eastward from 
the last mentioned workings, up the range, and consists of a bunch 
of rather good-looking quartz, 2-3 feet thick at the surface, but 
running out at 4 feet in depth ; as proved by a small shaft sunk on 
It. In strike it is traceable either side of the shaft for some dis- 
tance, though apparently growing thinner. A trial crushing of two 
tons of the quartz is said to have paid 1 oz. 18 dwts. of gold. As 
this return must no doubt have left a good profit over working 
expenses^ it seems strange that the reef has not been opened farther. 
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Main Reef of the Shag Valley Lease and Freehold dmpd'^y' — 
This is the most important reef opened in the district It lies not 
far from the Shamrock Reef, and has l)eeu worked by large open 
cuttings, extending, with few interruptions, for 6-7 chains in length, 
along the slope of a steep range. It lies between the beds of the 
country, striking N. 40° W., and dipping north-eastward intoHhe 
range, at angles varying from 25-35°. Its thickness ranges from 2 
feet to (in places) over 4 feet, and it has the footwall pretty well 
defined throughout, but its han^ng wall is broken and full of small 
leaders. It consists mainly of quartz, which in large, solid bunches 
and veins lies mostly along the footwall, whilst towards the hanging 
wall there is a deal of mullock intermixed. The quartz is good- 
looking, seamy, and slightly impregnated with pyrites. Regarding 
the yields from this reef, and the operations of the Company, Mr. 
Harvey gave me the following particulars : — After auriferous stons 
was discovered in the reef, and satisfactory prospects obtained by 
tin-dish trials from several places along the outcrop, as far as the 
workings at present extend, 4 tons of the stone were sent to Ballarat, 
Victoria, and crushed at a good machine, with a result of 16^ dwts. 
of gold per ton. Another trial crushing of 1 1 tons, executed at the 
Government battery, Dunedin, gave 1 oz. 6 dwts. of gold. En- 
couraged by these satisfactory results, the Company erected crush- 
ing machinery, and gave the supply of 1,000 tons of stone from 
the reef in contract ; but the first 500 tons paid at the rate of 4 
dwts., the second at the rate of only 3 dwts. of gold per ton. 
These low returns did not, of course, by far cover the expenses, and 
the working of the mine was stopped in consequence. 

The crushing machine of the Company stands in the gully, 
near the first-meutioned workings, about half a mile away from 
those last noted, and is very well constructed. It consists of two 
batteries, each of five heads of revolving stamps, supplied with self- 
feeding hoppers, and driven by a steam-engine, the necessary supply 
of water being obtained from a good-sized reservoir, constructed a 
little higher up the gully. In front of the batteries lie common 
amalgamated copperplate tables, and below these follow blanket- 
strakes 14 feet in length, and with a fall of \ inch psr foot. A 
revolving barrel is provided for the treatment of the blanket-sand. 

Whilst considering the Company to have acted very unwisely 
in erecting expensive machinery before the reef had properly been 
opened and prospected, to say 50-80 feet in depth, I am of opinion 
that it certainly deserves this trial, now that the machinery for test- 
ing the quartz is available. For, as regards the great discrepancy 
between the gold returns of the last, and those of the trial-crushingi^ 
it seems likely in a great measure to have arisen through the con- 
tract for the provision of the 1,000 tons of quartz to the mill, inas- 
much as the old workings plainly show, that far more mullock (from 
the hanging wall) was taken than quartz. And from what Mr. 
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HSrvey told me, it seems also doubtful, whether these quarry-like 
Dpeniugs are actual* 
the trial-crushings. 



openiugs are actually at those places which furniijud the stone for 



APPENDIX 13. 

THE GEBMAN " TEEPPBW-EOST " OR STBP-PUBNACE FOR THE BURlfr 

ING OP BROWN COAL.* 

Construction {See Fig. 1-i, No, IX,) — Above an opening o* 
45 centimeters in width, communicating with the ashpit, lies a slide- 
frame Sf with massive slides of 10-12 millimeters* in thickness, the 
whole resting in front, for the sake of solidity, upon a cast-iron plate 
>a, 13 centim. broad, and 4-5 centim. thick. Upon the slide-frame 
8 is placed a cast-iron double T support, 24 centim. in height, 13 
centim. broad, and 12 millim. thick, and upon this lies a second 
slide-frame S. The sUdes of this frame being 25 millim. thick, are, 
however, perforated or broken longitudinaljj, in order to form a 
grating ; or better, movable fire-bars 5-7 centim. thick, are used in- 
stead of the broken slides, which are liable to cracL Upon the 
slide-frame /S^lies a second cast-iron plate c, of the same dimensions 
as a, and at suitable height a third cast-iron bar B, 9 centim. high 
and 6 centim. broad, is fixed into the side walls of the furnace. The 
length it is let into the walls is about 15 centim., whilst a and c^ 
and the slide-frames 8 and S enter the walls only about 8 centim, 
with their ends. Upon the, what may be called, cross-supports B 
and e, rest now, with their ends the cast-iron cheeks W in such a 
manner that they may be freely shifted broadways, and carry step- 
like (hence the name of the furnace) the several fire-bars of which 
the upper one p is about three times broader than the rest. Above 
p is fixed the cast-iron supply- funnell F serving for the receipt of 

^ the fuel, and which is sometimes furnished with a slide for regu- 
lating the supply of fuel into the furnace. The fireplace is fixed 
between two stone-walls, and covered by a fire-proof arch, which is 
either inclined and smooth, or, as indicated by the dotted lines, 
broken step-like for the purpose of offering to the combustible gases 
more heated surface on which they strike, and are set burning. The 
cheeks W are 25 millim. thick, and 10-12 centim. broad, and placed 
at 0-4 to 0-6 meter distance from each other. The whole length of 
the furnace is generally 2 meters or smaller, the breadth equal to, 
or 1ms than 1-3 meter; and the inclination A the cheeks TTis most 
advantageously at an angle cf 30^ (i.e., for the burning of brown 
coal, for which these furnaces are most suitable^ and nearly exclu- 

• sively used). 

ft • The most approved connection of the fire-bars, with the cheeks 
JF is shown in figures 3 and 4. Their thickness is 1-12 millim., 

%► 

*See "H. Ton Seiche Au)age und Betrieb der Dampfkessel." Leipzig, 1872* 
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the vertical distance between two bars 19-20 millim., tbe distance 
between their sorfaces 27-32 millim., their breadth 118-120 millim., 
and they project one over the other about 47 millim. The working 
of such a furnace requires much less strength and intelligence than 
5s= that of the common plane fireplace. The funnel F is filled with the 

fuel, and, according as the latter bums off the steps (which is easily 
seen), the fireman pushes a fresh lot from top downwards by means 
of a spade-like tool, introduced between the lower edge of the funnel 
F and the top bar p. The gradually accumulating ashes are from 
time to time removed from the fire-bars by means of a flat piece oi 
iron, which is moved hither and thither over the latter. In 
order to remove cinders and ashes from the upper slide S* — (^S" 
being always kept a little open to let draught in for perfect com- 
bustion) — the slide S is first shut, then S* opened to let the ashes 
and cinders drop upon 8 ; then 8* is shut again, and fuel stoked 
down to cover it, and now, finally, 8 is opened so that the ashes, 
etc , can fall down inttt the ash-pit. In this manner the detrimental 
introduction of a large amount of cold air into the fiimace is en- 
tirely avoided. The chief advantage of this furnace consists in tiie 
steady, nearly continuous, burning of the fuel, and that with propsr 
regulation of the draught the combustion can be rendered close upon 
perfect, whilst all the smoke is consumed. To this has to be added 
another great advantage, namely, that during the supply of fuel no 
nnnecessary amount of cold air is introduced into the funia ce, and 
that, as previously mentioned, a common workman, is able to serve 
the latter easily and well, and without being exposed to anj" strong 
heat bursting into his face. The furnace has also, however, some 
drawbacks, viz., that no coal can be burned in it that bakes or clogs, 
and that the fuel rests upon a larger area of iron, being, therefore, 
much more cooled, and for a larger suiface extent prevented from 
burning, than in the common plane furnace. • 
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Afton Bum, 48 

Ahuriri River, 35, 88, 97 , 

Akatore River, 32 

Alexandra, 30, 48, 90, 200 

Anita Bay, 14, 27, 28 

Arrow River, 31, 32, 92, 114, 119, 

148, 163, 172, 183, 220 
Aspiring Mt., 5, 29 
Athol, 32, 33, 68, 92 
Awamoa Creek, 59 
Awamoko, 12, 32, 33, 89 

Balclutha, 38, 71 

Bald Hill, 38 

Bannockburn, 65, 91, 96 

Bastion HiU, 42, 43 

Beaumont, 29 

Bendigo, 29, 30, 31, 67, 160, 169, 

171, 181, 201 
Bemnore, 38, 42 
Big Bay, 34 
. Big-gnUy Creek, 89, 98 
' Blackmoont, 34, 63, 64 
Blacks, 30 

Blackstone Hill, 32, 89 
BHgh Sound, 6, 27, 29, 81 
Blueskin Bay, 30, 47, 71 
Bluespur, 49, 93, 181 
Bluff HiU, 12, 14, 34, 36, 41, 113, 

149 
i&radshaw Sound, 27, 81 
Breaksea Sound, 6, 27 
Bsghton, 29 
Bushy Park, 78, 103, 188 
Butcher's GuUy, 167 

Cannibal Bay, 42, 43 
Cardrona Biver, 7, 64, 66, 96 
Oarriek Bange, 29, 30, 31, 32, 67, 

119, 148, 167, 161, 169, 171, 

186, 210 
Castle Bock, 38, 49, 60 



Catlin's River, 21, 43, 100 

Caversham, 13, 51 

Centre Hill, 36, 37, 38, 49, 60 

Centre Island, 41 

Chain HiUs, 32, 33 

Chalky Inlet, 6, 14, 34, 36, 40 

41, 81, 113 
Chalky Island, 60 
Charles Mt., 47 
Chaslan's Mistake, 42 
Cleddau River, 67 
Clinton, 36, 38, 71 
Clutha River, 7, 34, 68, 84, 91, 93 
Clyde, 30, 66, 90, 91i 96, 114 
Coal Creek, 58 
Coal Hill, 36, 37, 38 
Coal Island, 12, 50, 79, 110 
Coal Point, 106, 106 
Codfish Island, 37 
Conical Hills, 57, 68, 61 
Conroy's Gully, 30, 160, 200 • 
Cowan's Wash, 39 
Cromwell, 64, 65, 69, 87, 91, 92, 

96, 147 
Cunaris* Sound, 81 

Deas Cove, 5, 27, 67 

Deep Stream, 31 

Dipton, 38 

Dog Island, 36 

Dome Mt., 39 

Dome Pass, 92 

Doubtful Sound, 6, 27, 80 

Drybread, 180 

Dunedin, 47, 66, 69, 71, 73, 78, 98, 

113, 160 
Dunedin Peninsula, 48, 166 
Dunrobin, 36 
Dunstan Grorge, 30, 72, 97 

„ Mountains, 29, 33 
Dusky Bay, 6, 27, 28 
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Edwardson Sound, 80 

Eglinton Eiver, 67 

Eyre Mountains, 34 

False Islet, 42, 48 

Few's Creek, 33, 48, 72 

Five-mile Creek, 30 

Flagstaff Hill, 32, 47 

Forbes Mountains, 32 

Forest Hill, 49, 60 

Forkbum, 91 

Frankton, 92 

Frazer Eiver, 91 

Freestone Hill, 49 

Gabriel's GuUy, 32, 158 

Garvie Mountains, 32 

Gibbstown, 64, 96 

Green Island, 13, 47, 61, 64, 103, 

146 
Green Islets, 60, 79 
Greenstone Eiver, 34, 36 

Hakkup Bay, 42 
Hamilton, 32, 33, 34, m, ^^, 73 
Mount, 14, 37, 38, 46, 

60, 100, 111 
Hampden, 67, 69, 61, 71, 76 
Hawea Lake, 6, 33, 68, 91 
Hav^kdun Mountains, 32 
Haycocks, 49 
Hayes' Lake, 64 
Hill's Creek, 96 
Hindon, 30 

Hokanui Hills, 18, 37, 42, 112 
HoUyford Eiver, 27, 34 
Horse Eange, 36, 44, 112, 113, 

116 
Howloko Lake, 6, 34, 118 
Hyde, 31, 32, 66 

Idaburn Yalley, 8, 64, 89, 96, 97, 

172 
Ida, Mount, 32 
Inch-Clutha, 73 
Invercargill, 97, 120 
Island Creek, 44 
Isthmuth Sound, 40 

Jack's Bay, 42, 43 
Jacob's Eiver, 97 
Jail, The, 82 

Xaihiliu MountaiDS, 38, 39 
"■ikorai Stream, 47 
'itangata, 48, 64, 104, 146 



Kakanui Eiver, 32, 68 

„ Mountains, 32, 85 
Xaliki Beach, 67 
Kauroo Eiver, 97, 111 
Kawarau Gorge, 30, 32, 97 
Kingston, 33, 32, 68, 92 
Kisbee Bay, 68 
Knobby Eanges, 91 
Kurow Mountains, 36 

" Eiver, 32, 33 
Kyeburn HiU, 31 

Eiver, 47, 61, 89, 96 

Lammerlaw Creek, 72 
Last Cove, 81 
Lawrence, 33, 96, 189, 196 
Lee's Stream, 31 
Leithen Eiver, 36 
Lindis Pass, 33 

„ Eiver, 33, 84 
Linton Creek, 64, 107 
Livingstone Mountains, 34 
Long Eidge, 36 
Long-slip Hills, 88 
Longwood Eange, 18, 34, 37, 41, 

67 
Lovells' Flat, 96 

Macraes, 31, 164, 181, 232 

Makarewa, 99 

Maniototo Plains, 8, 66, 64, QQ, 

87 89 
Manipori Lake, 6, 27, 29, 68 
Manuherikia Valley, 7, 8, 13, 64, 

66, 89, 114, 172 
Mararoa Eiver, 37, 64 
Martin Bay, 14, 34, 36 
Marawhenua, 33, 47, 61, ^Q, 89, 

119 147 
Mataura Eiver, 7, 42, 43, 92, 96 
Measly Beach, 67 
Milford Sound, 6, 14, 27, 28, 29, 

67,81 
Millar's Flat, 66, 148, 181 
Misery Mt., 34, 66, 106 
Moeraki, 12, 18, 67, 61 
Moke Creek, 32, 119, 148, 185 
Monowai Lake, 6, 34, 118 
Moonlight Eange, 37, 38, 39 
Morely Creek, 38, 39, 61, 54, 107 
Morven Hills Station, 33 
Mount Charles, 47 

„ Ida, 33 

„ IvHai, 44, 187 
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Mount Pleasant, 67 
Prospect, 67 
Eoyal, 47, 69 
Stuart, 32 
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Naseby, 34, 89 

TTevis 96 

Nightcap, 49, 108, 146 

Nokomai River, 34, 92 

Nugget Point, 21, 38, 39,41, 43 

Oamaru, 46, 61, 66, 67, 68, 70, 113 
Obelisk Eange, 172 
Ohau Lake, 87 
„ River, 88 
Omaru Creek, 39, 44 
Orepuki, 37, 60, 97, 108, 111, 118, 

160 
Oreti River, 37, 38, 39, 97 
Otago's Retreat, 60 
Otapiri River, 38, 42, 43, 99, 111 
Otaraia, 42 

Otepopo, 33, 44, 47, b1. 111 
Otokaia, 62, 71, 94 
Outram, 29, 30 
Owaike, 43 

Palmerston, 47, ^Q 

Paterson's Inlet, 14 

Pigroot, 47 

Pomahaka River, 32, 33, 34, 36, 

67, 68, 69, 97 
Popotunoa, Gorge, 38 
Port Chalmers, 66, 113 
Port Molyneux, 118, 147 
Portobello, 48, 66, 166 
irort William, 14, 36, 41 
Pourakino River, 67, 69 
Preservation Inlet, 6, 12, 14, 27, 

36, 37, 40, 41, 60, 68, 81, 109, 

112, 113 
Puke Ivitai, 44, 187 
Puke-tapu, 47, 61 
Puysegur Point, 60 

Queenstown, 29, 30, 92 
Quoin Point, 79 

IRaggedy Range, 91 
Bedbank Creek, 63, 66 
Biverton, 36, 51, 120 
Boaring Bay, 39 
Bock and Pillar Range, 91, 96 
Bough Ridge, 32, 91, 96, 160, 172, 
229 



Route Burn, 7, 36, 36 
Ruapuke, 12, 41 
Rugged Island, 36 

Saddle HiU, 32, 33, 47, 61, 103, 

168, 171, 191 
Seaward Downs, 42, 43, 99 
Serpentine Valley, 32 
Shag Point, 12, 46, 1P2, 187 
Shag River, 7, 32, 44, 47, 60,»61, 

66, 67, 68, 69, 89, 96, 97, 164, 
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Sharp Ridge, 49 
Shaw's Bay, 39, 43 
Shotover, River, 7, 29, 30, 72, 84, 

92, 118, 119 
Silver Peak Hills, 32 
Silverstream, 47, 93 
Skippers, 30, 163, 169, 171, 223 
Southland Plains, 7, 71, 79 
St. Bathans, 33, 66 
St. Cuthbert Mt., 36 
Stewart Island. 12, 18, 34, 37, 

113, 114, 118, 119, 160 
Stony Creek (Tokomairiro), 34, 35 

„ (Shotover), 48 

Strath-Taieri, 8, 31, 66, 94, 116 
Sutton Stream, 30, 31 
Switzers, 34 

Taieri River, 7, 62, 64, 93, 149, 

172 
Takitimu Mts., 14, 34, 41 
Tapanui, 34, 36, 67, 61, 116 
Tautuku, 42, 43 
Taylor's Creek, 49, 107 
Te AnauLake, 6, 26, 27, 67, 69, 68 
Teviot, 96 

Te Wae-wae Bay, 34, 37 
Thompson Sound, 6, 14, 27 
Titiroa, 28 
Toi-tois, 42, 99 
Tokomairiro, 32, 34, 48, 61, 64, 93, 

104, 113, 118, 146, 147, 168, 

171, 188, 193 
Totara Creek, 97 
Tuapeka, 32, 34, 49, 66, 93, 97, 

171, 181 
Twinlaw, 38 

Umbrella Mts., 32 

Waiau River, 14, 49, 64, 68, HJT 
Waihola Gorge, 48, 61, 93 
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Waihola Lake, 32, 56, 64 
Waikaka, 34 
Waikawa. 42, 43, 100 
Waikouaiti, 29, 30, 32, 47, 66, 67, 

71, 119 
Waimea-mea Creek, 37 
Waimea Plains, 36, 49, 60, 61, 

71, 96 
Waipalii, 36 
Waipero Cove, 67 
Waipori. 30, 31, 32, 64, 94, 119, 

149, 186, 171, 184, 186, 186, 197 
Wairaki Downs, 37, 49, 106 
Waireka Eiver, 47, 67, 89 
Waitahuna, 93, 97, 149 
Waitaki Eiver, 7 , 32, 34, 46, 61, 

67, 69, 69, 87 



Waitati, 110 

Waitepeka, 38 

Wakapatu Bay, 41 

Wakatipu Lake, 6, 29, 32, 33, 48, 

61, 68, 92, 119 
Wanaka Lake, 6, 29, 30, 68, 91 
Wangaloa, 48, 67, 69, 71, 106 
Weatherstone's Flat, 33, 181 
Welshman's G-ully, 96 
Wet-jacket Cove, 27, 28 
Wharie Creek, 97 
Whitestone Biver, 67 
Windsor Point, 60, 80 
Winton, 49, 60, 61 
Wyndliam, 42, 111 
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Alps of New Zealand, date of up- 
heaval, 75^Comparison wim 
Swiss Alps, 9 

Alteration by granite, 40 

Alum, 119, 

Ammonites, 43, 45 

Antimony ore, 32, 119, 148, 185 

Argillite, 37. 38 

Astarte wollumbillaensis, 43 

Aturia zig'Z<ig, 54 

Auriferous dnfts, 180 
„ reefs, 156, 171 

Barr, Mr. G. M., 7 

Basalt, 55, 61 

Beal, Mr. L. O., 19, 63, 69, 121 

Beetliam, Mr. Warden, 181 

Berggren, Dr. S., 69 

Bituminous limestone, 48 
„ sliale, 47, 110 

Black, Professor, 111, 121, 184, 
185 

Blair, Mr. W. N., 112, 121 

Bluestones, 113 

Boulder clay, near Dnnedin, sup- 
posed, 13, 70 

Bradsliaw, Mr. J. B.,32, 185 

Brunton, Mr., 99 

Buchan, Mr., 32, 186, 219 

BucLanan, Mr. J., 17 

Building stones, 112 

Canterbury Plains, formation of, 

91 
Caves, 73 

Cement, Portiand, 114 
Chlorite Porphyry, 28 

„ Schist, 29 
Cinnabar, 32, 149, 186 
CipoUino, 27 
Clays, 114 
Clay slate, 33, 35, 42 
Coal, 42, 146— brown, 44, 50, 98, 

187— bituminous, 99 



Cobalt bloom, 28 
Colclough, Mr. C, 206, 210 
Cone in cone structure, 57 
Concretions, 12, 44, 45, 57 
Conglomerate, 35, 38, 42, 44 
Cope, Mr. H. J., 183, 221, 232 
Copper ores, 28, 32, 119, 148, 184 
Corrugated schist, 30, 
Cretaceo-tertiary, formation, of 

Hector, 17, 18, 20 
Crushing Machinery, 173 

Dammara, 45 
Davis, Mr., 13 
Deep Leads, 115, 181 
Diatomaceous earth, 66 
Dicotyledonous plants, 45, 54, 61 
Dinornis, remains of, 70, 71, 7% 

73 
Pobson, Mr. A. D., 63 
Dohm, Dr., 73 
Dolerite, 47 

Douglas, Mr. J. B., 201 
Drift, meaning of the term, 86 
Drummond, Mr. J., 121 

Earl, Mr. Percv, 12 
Eggers, Mr., 191 
Eurite, 28 
Evans, Mr. F., 226, 227 

Fairchild, Captain, 41, 83 

Favre, Prof., 36 

Felspar, 114, 150 

Fireclay, 115 

Flag stones, 112 

Flint, 115 

Foliation, 31 

Foraminifera, supposed, 36 

Forbes, Dr. C, 12, 101, 103, 110, 

121 
Forrester, Mr., 70 
Fresh water shells, 66, 73 
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Galena. 32 

Garnet schist, 27 

eeddes, Mr. A., 98 

Glacial stria, supposed, at Dune- 
din, 69 

Glacier deijosits, 62, 71 

„ period in New Zealand, 
83,85 

Glacier period, age of 62, 84, 85, 
94 

Glacier period, cause of, 63, 83 

Glaciers, eocene, proofs of, 89, 93 

Gneiss, 23, 27 

Gneiss-granite, formation of. 
Hector, 29 

Gold, 31, 34, 37, 47, 48, 115 
„ exceptional occurrence of, 
165 

Gold, matrix of, 157 

Gold-saving appliances, 173 

Granite, 28, 35, 40, 113 

Grant, Mr. W., 210 

Granidite, 27 

Graphite, 32 

Greenstone, 28 

„ tuff, 36, 38 

Greig, Capt., 110 

Grindstones, 115 

Haast, Dr. J. von, 20, 21, 31, 39, 
46, 62, 63, 82, 83, 88, 91, 102, 
121 

Hacket, Mr., 13, 119, 121, 185 

Harvey, Mr., 234 

Salohia lomelli, 39 

Hector, Dr. J., 13, 15 to 21, 28, 
29, 31, 34, 36, 37, 39, 41, 44, 
46, 61, 54, 63, 65, 66, 79, 80 to 
83, 101, 103, 105, 107, 110, 114, 
117, 121, 123, 185 

Hill, Mr. E., 184, 186, 197 

Hochstetter, Prof, von, 15, 19, 36, 
39, 41, 44, 46, 54 

Hone slate, 115 

Hornblende propylite, ]68 
„ rock, 27 
„ schist, 27, 29 

Homstone porphyry, 157 

HoweU, Mr., 112 

Hungary, comparison of rocks 
with those of Dunedin Penin- 
sula, 167 

Hutchinson, Mr., 102 

Huxley, Prof., 12, 123 



Hydraulic sluicing, 180 

Ice action, 84 

lekthyotaurus australis, 40 
Inoceramus, 39 
Iron ores, 118, 147 

„ pyrites, 29 
Isocardia, 39 

Jade, 28 

Jasperoid slates, 35 
Johnstone, Mr. A., 110, 123 
Jones, Prof. Bupert, 12, 36, 54 

Kaihiku, series, of Hector, 37 
Slaikoura formation, 34 
Kakanui formation, 32 
Kaolin, 114 
Katiki boulders, 45 
Kinnear, Mr. W. F., 114 

Lakes, origin of, 86 

Land shelb, 73 

Lewis, Mr. J. G., 105 

Lignite, 65, 66, 96 

Lime, 114 

Limestone, 46, 48^ 49, 113 

Lindsay, Dr. Lauder, 13, 17» 103, 

123 
Lithographic limestone, 55 

Maitai formation, 37 

Manganese, 149 

Manipori formation, 27; differ- 
ence of age between it and the 
Wanaka formation, 75 

ManteU, Dr. G., 12, 54, 123 
„ Hon. W., 12, 57, 101 

Marble, 35, 113 

Marmolite, 27, 28 

Marshall, Mr. J., 210 

Martens, Dr. E. von, 128 

Mataura, series, of Hector, 42 

M*Coy, Prof., 54 

Mercury ore, 149 

Metamorphic action, 36 

Mica schist, 27, 29, 33, 96 
,, trap, 28 

Mitchinson, Mr. J., 203 

M*Kay, Mr. A.. 39 

M'KeUar, Mr. D., 185 

M'Kerrow, Mr. J., 20, 123 

Moa, remains of, 70, 71, 72, 73 

Moeraki boulders, 57 
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Mbnotis salinaria, 39 
Moraines, 62, 63, 67, 68, 69 
Moril Lake in Switzerland, 92 
Morris, Prof. J., 12, 64 
Jifo7*unga el^hantina, 71 
Movement oi land at present, 78, 

79 
Murchison, Sir E-., 156 
Mytilus problematicus, 43 

Nephrite, 28 

New Zealand Alps, date of up- 

heaval, 75 ; compared with 

Swiss Alps, 9 

Oamaru formation, 46 ; its rela- 
tion to the Waipara forma- 
tion, 50, 51, 77, 89 

O'Brien, Mr. W. C., 123 

Ocydromus hectori, 83 

Oil shale, 150 

Otapiri, series, of Hector, 37 

Ototara group, 46 

Owen, Prof. E., 46 

Pareora formation, 57 

Parry, Mr. J., 201 

Peat, 96 

Pegmatite, 28 

Phonolite, 55, 56 

Phyllite, 33, 35 

Pierced rock, Green Islets, 80 

Platinum, 149 

Pleistocene deposits, 67 

Polishing powder, 115 

Polypodium hochstetteri, 43 

Poole, Mr. E., 200 

Porphyrite, 28, 31 

Porphyry, 41, 42 

Portland cement, 114 

Pounamou, 28 

Propylite, 55 

Putataka formation, 42 

Pyke, Mr. V., 123, 183 

Quartz, 30 
Quartzite, 33, 35 
Quartz sand, 115 
„ schist, 27 

Eaised beaches, 70, 78 
Eecent deposits, 73, 83 
Eetinite, 119 
IShodonite, 32 



Eichmond, sandstone, of HoGh" 

stetter, 37 * 
Eichthof en. Baron von, 168 
Biyer deposits, 72 

„ terraces, 72, 82 
Eock basins, 86 
Eock, weathering of, 91 
Eoofing slate. 111 
Eoskrudge, Mr. 223 

Sandstone, 35, 33, 42, 44, 46, 47, 

50, 112 
Saurian remains, 45, 76 
Scheelite, 32, 119, 209 
Schnapper Point beds in Victoria, 

the equivalents of the Oainaru 

formation, 54 
Scythe stones, 115 
Sea, its temperature in former 

times, 59, 64 
Sea elephant, 71 
Septaria of Moeraki, 12, 44, 57 
Serpentine, 28 

„ schist, 27 
Shale, 42, 44, 50 

Shaw's Bay, series of Lindsay, 37 
Shore deposits, 70 
Silver, 32 
Simpson, Mr., 232 
Skey, Mr. W., 123 
Soils of Otago, 95 
Solomon, Mr., 151 
Spirifera beds, positions of, 38, 39, 

43 
Spirigera wreyi, 39 
Squires, Mr. H., 195 
StacLe, Dr., 54 

Statuary marble, supposed, 114 
Step furnace, 119, 190, 235 
Sterry, Hunt, Dr., 36 
Stoping underhand and overhand. 

170 
Stuart, Mr. J., 210 
Syenitic gneiss, 27 
Syenite, 35, 41 

TcBuiopteris, 43 

Tangiwai, 28 

Taylor, Eev. E., 82 

Te Anau, series, of Hector, 34, 37 

Temperature in former periods, 

59, 64, 83 
Terraces, 72, 80 ; origin of riyer^ 

82 
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Thames goldfields compared with 

Dimeain Peninsula, 56, 167 
Thomson, J. £., 99, 108 

J. T., 7, 21, 64, 69, 123 
P., 20, 123 
Todd, Mr., 194 
Trachylite, 66 
Trachyte, 66, 96 

„ greenstone, 167 
„ tuff, 66 
Trail, Mr. C, 18, 123 
Traverg, Mr. W. T. L., 63, 64 
Trelissic group, 46 
Toamarina, formation, of Hutton, 

32 
Tongstate of lime, 32, 119 

Ulrich, Mr. G. H. P., 69 
Valleys, date of origin of princi- 
pal, 77 I 



Victoria, comparison of reefs of 

Otago with, 156, 173 
Victoria, com^rison of rocks at 

Schna^per Point withOamam 

formation, 54 

Wanaka formation, 29 

Wanganni formation, 64 

Waipara formation, 37 ; its rela- 
tion to the Oamam formation, 
60, 60, 77, 89 

Wairoa, series, of Hector, 37 

Water supply, 120 

Weathering of rocks, 91 

Whetstones, 115 

WiU,Mr.,161. 

Williams, Mr., 13 

Withers, Mr., 229 

Wright, Mr. W. C, 66, 123 
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EEEATA. 

Page 15. The foot notes % and § should be transferred. 
„ 28. The foot note * refers to the age of the Manipori for- 
mation. 
40. Line two firom top, for Mr. Potts read Mount Potts 
39. Foot note for page 265, read page 263. 
46. Foot note :|:, for page 184 read page 106. 
67. Line six from bottom for " scattered" read " scratched." 
80. Fig. 21, for " from iiie north" read " looking north." 
135. Between numbers four and five insert Gasterojpoda. 



In the Map, that portion of the Maitai formation east of the 
Olutha, opposite to Balclutha, luus been madyertently colored as if it 
If ere basalt. 



